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PREFACE. 


T^HE  design  of  this  work  is  to  afford  to  the  student, 
the  artisan,  the  mechanic,  and  in  fact  all  who  are 
interested  in  science,  whether  young  or  advanced  in 
years,  a  ready  means  of  acquiring  a  general  knowledge  of 
physics  by  the  experimental  method.  One  of  its  principal 
purposes  is,  also,  to  furnish  to  the  teacher  suggestions  in 
experimentation,  which  will  be  helpful  in  making  class- 
room work  interesting  and  attractive,  rather  than  dry  and 
monotonous. 

Most  of  the  apparatus  here  illustrated  and  described 
may  be  constructed  and  used  by  any  one  having  ordi- 
nary mechanical  skill.  Simple  and  easily  made  devices 
have    been    chosen    for    physical  demonstration. 

With  scarcely  an  exception  the  experiments  described 
were  performed  at  the  time  of  writing,  to  insure  fullness 
of  detail,  and  to  avoid  inaccuracies.  The  reader  can 
therefore  be  assured,  by  following  the  instructions,  success 
will  be  certain. 

Mathematics  have  been  almost  entirely  excluded.  The 
few  problems  presented  are  capable  of  arithmetical  solu- 
tion. The  importance  of  mathematical  knowledge  in  all 
branches  of  science  is  fully  recognized,  but  the  majority 
of  students  have  Httle  taste  for  the  intricacies  of  numbers. 
Faraday  was  an  illustrious  example  of  a  scientific  man 
without  great   mathematical  proclivities. 


IV  PREFACE. 

The  late  Clerk  jNIaxwell,  one  of  the  most  eminent 
mathematicians  and  electricians  of  the  present  century, 
said :  "  A  few  experiments  performed  by  himself  will  give 
the  student  a  more  intelligent  interest  in  the  subject,  and 
will  give  him  a  more  lively  faith  in  the  exactness  and 
uniformity  of  nature,  and  in  the  inaccuracy  and  uncertainty 
of  our  observations,  than  any  reading  of  books,  or  even 
witnessing  elaborate  experiments  performed  by  professed 
men  of  science." 

A  large  proportion  of  the  material  of  this  work  con- 
sists of  original  articles  published  from  time  to  time  in 
the  Scientific  American.  These  have  been  revised  or  re- 
written, with  copious  additions  of  text  and  engravings. 
Very  few  of  the  conventional  illustrations  of  the  text 
books  have  been  used.  Most  of  the  engravings  are  now 
for  the  first  time  given  in  book  illustration. 

The  leading  principles  of  physics  are  here  illustrated  by 
simple  and  inexpensive  experiments.  The  endeavor  has 
been  to  make  the  explanations  of  both  apparatus  and 
experiment  plain  and  easily  understood. 

If  what  is  here  written  shall  induce  any  who  are  now 
indifferent  to  the  subject  to  begin  the  study  of  physics 
experimentally,  so  as  to  gain  even  a  faint  conception  of 
the  marvelous  perfection  of  the  physical  world,  or  if  any- 
thing in  these  pages  proves  helpful  to  those  who  instruct, 
or  who  seek  scientific  information,  the  end  sought  by  the 
writer  will  have  been  gained. 

George   M.   Hopkins. 
New  York,  January,  1890. 
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EXPERIMENTAL  SCIENCE. 


CHAPTER  I. 

PROPERTIES    OF   BODIES. 


Extension,  impenetrability,  divisibility,  porosity,  com- 
pressibility, elasticity,  inertia,  and  gravity  are  general  proper- 
ties common  to  all  bodies,  whether  solid,  liquid,  or  gaseous, 
while  some  bodies  possess  specific  properties,  such  as  solidity, 
fluidity,  tenacity,  malleability,  color,  hardness. 

EXTENSION   AND    IMPENETRABILITY. 

To  all  matter  must  be  attributed  two  essential  qualities : 
first,  that  in  virtue  of  which  it  occupies  space,  and  which  is 


A   Hatful  of  Cotton  in  a  Tumblerful  of  Alcohol, 

known  as  extension,  and,  second,  that  which  allows  only  one 
particle  or  atom  of  matter  to  occupy  a  given  space— the 
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property  known  as  impenetrability.  That  matter  occupies 
space  is  appreciated  by  our  senses,  and  needs  no  particular 
proof,  but  that  two  portions  of  matter  cannot  occupy  the 
same  space  at  the  same  time  sometimes  seems  anomalous,  as 
is  shown  by  some  of  the  following  experiments. 

Into  a  tumbler  filled  with  alcohol  may  be  crowded  a  hat- 
ful of  loose  cotton  without  causing  the  alcohol  to  overflow.* 
The  success  of  the  experiment  depends  upon  the  slow  intro- 

FlG.    2. 


Solution  of  Sugar  in  Water. 

duction  of  the  cotton,  allowing  the  alcohol  to  invest  the 
fibers,  before  they  are  fairly  plunged  beneath  the  surface 
of  the  alcohol. 

In  this  experiment  the  penetration  of  the  alcohol  is  only 
apparent ;  the  fibers  displace  some  of  the  alcohol,  but  the 
quantity  is  so  small  as  not  to  be  observable.  If  the  cotton 
were  compressed  to  the  smallest  possible  volume,  it  would 
be  found  to  occupy  but  very  little  space.     So  small  a  body 

*  See  also  chapter  on  projection. 
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would  be  incapable  of  raising  the  level  of  the  alcohol  enough 
to  be  appreciable  by  an  ordinary  observer. 

A  more  puzzling  experiment  consists  in  slowly  intro- 
ducing some  fine  sugar  into  a  tumblerful  of  warm  water.  A 
considerable  quantity  of  sugar  may  be  dissolved  in  the  water 
without  increasing  its  bulk. 

Here  the  physicist  is  forced  to  acknowledge  that  either 
the  water  is  penetrated  or  its  atoms  are  so  disposed  as  to 
receive  the  sugar  between  them,  possibly  in  the  same  way 
as  a  scuttle  filled  with  coal  might  contain  also  a  bucketful  of 
sand.  This  latter  view  is  adhered  to.  The  atom  or  ultimate 
particle  is  held  to  be  impenetrable. 

In  the  case  of  the  mixture  of  water  and  alcohol,  or  water 


Fig.  3. 


Representing  Volume  of  Unmixed 
Alcohol  and  Water. 


Reduction  of  Volume  of  .\lcohol 
and  Water  Mixture. 


and  sulphuric  acid,  a  curious  phenomenon  is  presented. 
Take  alcohol  and  water  for  example.  Equal  volumes  of 
alcohol  and  water,  when  mixed,  occup}^  less  space  than  when 
separate.  If  the  sum  of  the  voliuues  of  the  two  separate 
liquids  is  100,  the  volume  of  the  mixture  will  be  only  94.  In 
the  case  of  the  mixture  of  sulphuric  acid  and  water,  the  dif- 
ference is  greater. 

An  easy  way  to  perform  this  experiment  is  to  fill  a  narrow- 
necked  flask  up  to  a  line  which  may  conveniently  be  marked 
by  a  rubber  band  around  the  neck,  then  removing  one-half 
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of  the  water,  measuring  it  exactly,  and  replacing  it  with  a 
volume  of  alcohol  exactly  equal  to  that  of  the  water  removed. 
It  will  be  found  that  when  the  liquids  are  mixed,  the  mixture 
will  not  fill  the  flask  up  to  the  original  mark.* 

The  only  reasonable  explanation  of  this  phenomenon  is 
that  the  molecules  of  the  two  liquids  accommodate  them- 
selves to  each  other  in  such  a  manner  as  to  reduce  the  pores, 
and  thus  diminish  the  volume  of  the  mixture. 

DIVISIBILITY. 

The  property  of  a  body  which  admits  of  separating  it 
into  distinct  parts,  and  which  is  known  as  divisibility,  is  pos- 
sessed by  all  matter.  An  example  of  extreme  divisibility  is 
found  in  the  coloring  of  a  pail  of  water  with  a  minute  particle 
of  aniline. 

POROSITY. 

There  are  two  kinds  of  pores,  viz.,  physical  or  inter- 
molecular  pores  and  sensible  pores.  In  the  case  of  the 
former,  the  interspaces  are  so  small  that  the  molecules  are 
within  each  other's  influence  and  may  attract  or  repel  each 
other.  Expansion  by  heat,  contraction  by  reduction  of  tem- 
perature, and  reduction  of  volume  by  compression  are  among 
examples  of  phenomena  rendered  possible  by  the  existence 
of  physical  pores. 

Sensible  pores  are  small  cavities  or  spaces,  across  which 
molecular  forces  are  unable  to  act. 

The  experiment  illustrated  by  Fig.  5  shows  the  existence 
of  sensible  pores.  In  the  neck  of  an  Argand  chimney  is  in- 
serted a  plug  of  Malacca  wood,  which  is  sealed  around  the 
periphery  with  wax  or  parafhne.  In  the  top  of  the  chimney 
is  inserted  a  stopper,  through  which  projects  a  short  glass 
tube,  having  its  upper  end  bent  over  or  capped  with  a  small 
test  tube.  To  the  outer  end  of  the  glass  tube  is  applied  a 
rubber  tube.  When  the  chimney  is  in  an  inverted  position, 
as  shown  in  the  engraving,  a  quantity  of  mercury  is  placed 
in  the  larger  part  of  the  chimney,  and  the  air  is  partly  ex- 
hausted from  the  chimne}',  by  applying  the  mouth  to  the 

*  See  also  chapter  on  projection. 
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rubber  tube  and  sucking.  The  mercury  readilj-  passes 
through  the  porous  wood  and  falls  in  a  shower.  By  employ- 
ing an  air  pump  for  producing  the  partial  vacuum,  the  mer- 
cury may  be  drawn  through  a  plug  of  pine.  These  experi- 
ments show  in  a  striking  manner  the  porosity  in  a  longitudi- 
nal direction  of  these  pieces  of  wood. 

Wood,    vegetable,  and    animal    tissues,   sponge,   pumice 
stone,  and  many  other  substances  have  sensible  pores  that 


Fig 


Mercurial  Shower. 


ma}^  readil}^  be  seen.  Physical  pores  cannot  be  seen  even 
by  the  aid  of  the  most  powerful  microscope ;  but  their 
existence  is  proved  by  the  fact  that  all  bodies  may  be  com- 
pressed or  diminished  in  volume. 

Sensible  pores  play  an  important  part  in  the  operations 
of  nature,  especially  in  the  vegetable  and  animal  kingdoms. 

The  property  of  porosit}'  is  utilized  in   the   arts,  in  the 
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filtration  of  liquids,  in  the  absorption  of  liquids  and  gases, 
in  electrolytic  processes,  in  assaying,  etc. 

COMPRESSIBILITY. 

The  property  by  virtue  of  which  a  body  may  be  dimi- 
nished in  volume,  by  pressure,  without  losing  weight,  is 
known  as  compressibility.  This  property  is  possessed  in  the 
greatest  degree  by  gases,  which  may  be  reduced  by  com- 
pression to  from  one-tenth  to  one-hundredth  their  original 
volume. 

The  simplest  piece  of  apparatus  for  showing  the  com- 
pression of  a  gas  is  a  well-made  toy  popgun,  such  for  ex- 
ample as  that  shown  in  Fig.  6.  By  closing  the  mouth  of  this 
gun  by  means  of  a  piece  of  sheet  metal  or  mica,  and  oiling 

Fig.  6 


The   Popgun  used  as  a  Pneumatic  Syringe. 

the  piston  well  with  a  heavy  oil,  to  prevent  the  escape  of  air 
from  the  barrel,  it  may  readily  be  shown  that  the  air  con- 
tained by  the  barrel  may  be  greatly  reduced  in  volume  by 
simply  pushing  in  the  piston. 


ELASTICITY.* 

When  a  body  resumes  its  original  form  or  volume  after 
distortion  or  compression,  it  possesses  the  property  of  elas- 
ticity, and  is  therefore  known  as  an  elastic  body.  Elasticity 
may  be  shown  by  pressure,  by  bending,  by  torsion  or  twist- 
ing, or  by  tension  or  stretching.  Gases  and  liquids  are  per- 
fectly elastic.     When  compressed  and  afterward  allowed  to 

*  See  also  chapter  on  projection. 
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return  to  their  original  pressure,  they  are  found  to  possess 
exactly  their  original  volume. 

Among  solids,  glass  is  apparently  perfectly  elastic.  A 
plate  of  glass  bent  under  pressure  and  allowed  to  remain 
under  stress  for  twenty-five  years,  when  released  and  care- 
fully tested  for  any  permanent  set,  was  found  to  have  re- 
turned to  exactly  its  original  shape.  Elasticity  by  flexure 
or  bending  is  seen  in  various  springs,  such  as  carriage 
springs,  gun-lock  springs,  etc. 

The  elasticity  of  torsion  is  exhibited  by  door  springs  of 
certain  forms,  spiral  springs,  and  by  twisted  threads  of  cot- 
ton, linen,  and  other  material.  The  elasticity  of  tension  is 
shown  in  the  strings  of  all  stringed  musical  instruments,  and 
notably  in  soft  rubber  in  its  various  forms. 
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CHAPTER  II. 

REST,    MOTION,   AND   FORCE. 

A  body  is  said  to  be  at  rest  when  its  position  is  not  being 
changed,  but  this  statement  needs  some  qualification,  since 
any  rest  known  to  us  is  only  relative.  All  bodies  with  which 
we  are  acquainted  are  continually  changing  their  position 
either  in  relation  to  adjacent  objects  or  along  with  adjacent 
objects  relatively  to  distant  objects.  For  example:  a  bowl- 
der is  said  to  be  at  rest  when  it  maintains  its  position  relative 
to  the  earth's  surface,  but  since  the  earth  itself  is  not  at  rest, 
it  is  evident  that  whatever  is  fixed  on  the  face  of  the  earth 
cannot  be  at  rest. 

On  the  other  hand,  if  the  bowlder  were  rolling  down  a 
declivity,  it  would  be  changing  its  position  relative  to  the 
earth's  surface  as  well  as  to  all  other  objects,  and  would 
therefore  be  said  to  be  in  motion ;  but  a  body  may  be 
apparently  in  motion  while  in  reality  absolutely  at  rest.  If  we 
were  to  suppose  a  body  projected  from  the  earth  into  space 
with  a  velocity  equal  to  that  of  the  earth,  but  in  a  direction 
opposite  that  of  tne  earth's  motion  and  uninfluenced  by 
heavenly  bodies,  the  body,  although  having  apparently  a 
high  velocity  relative  to  the  earth,  would  be  absolutely  at 
rest. 

INERTIA. 

No  body  is  of  itself  able  to  change  from  a  state  of  rest  to 
a  state  of  motion,  neither  can  a  body  in  motion  change  its 
direction  or  pass  unaided  to  a  state  of  rest.  That  which 
causes  or  tends  to  cause  a  body  to  pass  from  a  state  of  rest 
to  one  of  motion,  or  accelerates  or  retards  the  motion  of  a 
body,  or  changes  its  direction,  is  known  as  Force.  The 
incapability  of  matter  to  change  from  rest  to  motion,  or  the 
reverse,  is  a  negative  property  known  as  Inertia. 

To  inertia  is  due  the  equalizing  effect  of  flywheels  ;  when 
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set  in  motion,  they  tend  to  maintain  their  revolution  in 
opposition  to  considerable  resistance.  If  sufficient  force  is 
applied  to  the  flywheel  to  counteract  the  resistance,  a  prac- 
tically equable  motion  is  secured,  even  though  the  force 
applied  be  an  intermittent  one. 

The  top  is  an  example  of  persistent  rotation  due  to 
inertia.  To  inertia  is  due  the  action  of  projectiles,  hammers, 
drop-presses,  also  the  hydraulic  ram. 

The  property  of  inertia,  the  storage  of  power,  the  trans- 
fer of  power  by  friction,  and  the  conversion  of  rotary  into 
rectilinear  motion  are  illustrated  by  the  toy  locomotive  shown 
in  the  annexed  engraving.  The  flywheel,  A,  is  mounted  on 
the  shaft,  B,  which  rests 
on  the  supporting  and  driv- 
ing wheels,  C.  The  wheel, 
A,  is  spun  by  means  of  a 
string  in  the  same  manner 
as  a  top.  By  virtue  of  its 
inertia,  the  wheel.  A,  tends 
to  continue  its  rotary  mo- 
tion. If  unaffected  by  out- 
side influences,  it  would  run  on  forever ;  but  the  friction 
of  its  bearings  and  of  the  air  and  other  causes  combine  to 
bring  it  to  rest. 

The  power  imparted  to  and  stored  in  the  wheel,  A,  is 
given  out  in  turning  the  wheels,  C,  overcoming  friction,  and 
propelling  the  machine  forward. 

FRICTION. 

The  resistance  caused  by  the  moving  of  one  body  in 
contact  with  another  is  known  as  friction.  No  perfectly 
smooth  surface  can  be  produced,  all  surfaces  having  minute 
projections  or  roughnesses,  so  that  when  the  surfaces  of  any 
two  bodies  are  moved  in  contact  with  each  other,  the  pro- 
jections of  one  body  engage  the  projections  of  the  other 
body,  thus  offering  resistance  to  the  free  motion  of  the 
bodies.  When  the  surfaces  are  covered  witn  a  lubricant, 
their  inequalities  are  filled  and  smoothed  over  and  the  fric- 
tion is  lessened. 


Inertia  Locomotive. 
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The  friction  developed  by  the  sliding  of  one  body  upon 
another  is  known  as  "sHding  friction,"  and  the  kind  devel- 
oped by  the  roUing  of  a  body  upon  another  is  "  rolling 
friction."  RoUing  friction  absorbs  much  less  power  than 
sliding  friction.     Owing  to  this  fact,  the  journals  and  steps 


of  many  kinds  of  machinery  are  provided  with  roller  or  ball 
bearings,  thus  substituting  rolling  for  rubbing  surfaces.  An 
example  of  bearings  of  this  kind  is  found  in  the  pedals  and 
shafts  of  bicycles  and  tricycles,  which  are  provided  with 
ball  bearings. 
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Fig.  9. 


The  normal  path  of  any  moving  body  is  a  straight  Hne ; 
the  body  can  be  made  to  move  in  a  curved  path  only  by 
restraining  it  sufficiently  to  counteract  its  tendency  to  leave 
a  circular  path  and  move  in  a  straight  hne.  This  tendency 
is  called  centrifugal  force.  When  a  body  moving  in  a 
circular  path  is  released, 
it  does  not  fly  off  radial- 
ly, but  on  a  line  tangent 
to  the  circular  path.  The 
fact  that  a  body  travel- 
ing in  a  circular  path, 
when  released  from  all 
restraint,  will  move  in  a 
straight  line,  proves  that 
the  normal  path  of  a  mov- 
ing body  is  a  straight 
line.  The  centrifugal  rail- 
way represented  in  Fig. 
8  shows  with  what  force 
a  restrained  body  tends 
to  fly  from  a  circular 
path. 

This  railway  is  made 
in  the  same  manner  as 
the  swiftest  descent  ap- 
paratus described  on  an" 
other  page.  Two  wires 
are  bent  into  spiral  loops 
around  a  cylinder,  and 
the  extremities  are  curv- 
ed upwardly  as  shown. 
The  two  curved  wires  are 
connected  together  by 
curved  wire  cross  pieces  fastened  by  soldering,  and  two  wire 
feet  are  attached  to  complete  the  apparatus.  No  particular 
rule  is  required  for  the  construction  of  the  centrifugal 
railway.     The  only  precaution  necessary  is  to  see  that  the 
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height  of  the  higher  end  of  the  railway  is  to  the  height  of 
the  circular  part  in  a  greater  ratio  than  5  to  4. 

A  ball  started  at  the  higher  end  of  the  railway  follows 
the  track  to  the  opposite  end,  and  at  one  point  in  its  travel 
it  is  held  by  centrifugal  force  against  the  under  side  of  the 
track  in  opposition  to  the  force  of  gravity. 

In  Fig.  9  another  example  of  centrifugal  action  is  exhi- 
bited by  a  spiral  railway  upon  which  a  ball  rolls  down  upon 
a  track  consisting  of  two  rails  arranged  vertically  one  over 
the  other.  The  track  is  formed  of  two  wires  bent  spirally 
and  connected  by  curved  cross  pieces,  as  in  the  case  of  the 
centrifugal  railway  already  described.  The  upper  convolu- 
tion of  the  spiral  is  twisted  so  that  the  ball  may  start  on  a 

horizontal  track.     During  its  descent 
Fig.  10.  on  the  twisted   portion  of  the  track, 

the  ball  acquires  sufficient  momentum 

A  to  cause  it  to  follow  the  vertical  track, 

^  being  held  outwardly  against  the  rails 

^jfes4  by  centrifugal  force.     The  descent  of 

'•-^^^^^^h  the   ball   is  accelerated.     The   spiral 

~^|^^^^^y~'  railway  represented  in  the  engraving 

^^^jj^^^^g-^  is  two  feet  high,  six  inches  in  diameter, 

gg^^^^^JP^^^Cjy  jj^g  rails  being  f  inch  apart. 

C*^*^^    (;-S  The  effect  of   centrifugal  force  on 

'■"''-^"^  air   is    beautifully    exhibited    by  the 

The  Choral  Top.  Ordinary    choral    top.       As    the    top 

spins,  air,  which  enters  the  holes  at 
the  top,  is  discharged  through  the  holes  at  the  equator  by 
centrifugal  force.  The  air,  in  going  through  the  top,  passes 
through  a  series  of  reeds,  setting  them  in  vibration,  pro- 
ducing agreeable  musical  sounds. 

The  annexed  engraving  shows  a  very  simple  but  effective 
device  for  exhibiting  the  effect  of  centrifugal  force  on  liquids. 
It  is  a  hollow  glass  top  of  spherical  form,  having  a  tubular 
stem,  and  a  point  on  which  to  spin. 

These  tops  are  filled  with  various  liquids,  some  of  them 
containing  two  or  more.  The  one  shown  at  Fig.  1 1  is  filled 
partly  with  water  and  partly  with  air.  When  the  top  is 
spun,  the  water  flies  as  far  from  the  center  as  possible,  leav- 
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ing  in  the  center  of  the  sphere  an  air  space,  which  at  first  is 

almost  perfectly  cylindrical,  but  which  gradually  assumes 

the  form  of  a  parabola  as  the  velocity  of  the  top  diminishes. 

At  2  is  shown  a  top  having  a  filling  consisting  of  air. 


o 
fa 


water,  and  a  small  quantity  of  mercury.  The  water  acts  as 
above  described,  and  the  mercury  forms  a  bright  band  a.t 
the  equator  of  the  sphere. 

At  3  is  shown  a  top  containing  water  and  oil  (keroseneV 
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The  water,  being  the  heavier  liquid,  takes  the  outside 
position,  the  oil  forming  a  hollow  cylinder  with  a  core  of 
air. 

The  top,  after  being  filled,  is  corked  and  sealed.  It  is 
spun  by  the  hands  alone  or  with  a  string  and  the  ordinary 
handle.  The  diameter  of  the  top  is  i^  inches.  It  is  made 
of  considerable  thickness,  to  give  it  the  required  weight  and 
strength. 

A   SCIENTIFIC   TOP. 

Every  street  urchin  can  spin  a  top,  and  get  an  unending 
amount  of  amusement  out  of  it ;  but  it  would  seriously  puzzle 
the  majority  of  "boys  of  larger  growth"  to  satisfactorily 
explain  all  the  phenomena  of  this  simplest  of  toys. 

Why  does  it  continue  to  revolve  after  being  set  in  mo- 
tion ?  Why  does  its  motion  ever  cease?  Why  does  it  so 
persistently  maintain  its  plane  of  rotation?  When  its  axis 
is  inclined  to  the  vertical,  why  does  it  revolve  slowly  around 
a  new  axis  while  turning  rapidly  upon  its  own  axis  ?  And 
'  when  so  inclined,  why  does  it  gradually  right  itself  until  it 
rotates  in  a  horizontal  plane  ?  Why  does  it  not  revolve  pro- 
portionately longer  when  its  speed  is  increased?  These  and 
many  other  questions  arise  when  we  begin  the  examination 
of  the  action  of  the  top.  They  have  all  been  answered  so 
far  as  it  is  possible  to  answer  them,  still  it  is  difficult  to 
reach  far  beyond  the  mere  knowledge  of  the  actions  them- 
selves. 

The  top  has  already  risen  to  some  importance  as  a  scien- 
tific toy,  but  it  is  worthy  of  being  elevated  to  the  dignity  of 
a  truly  scientific  instrument.  To  give  it  that  eminence, 
three  things  are  necessary  :  first,  a  considerable  weight,  and 
in  consequence  of  this  an  easy  and  effective  method  of  spin- 
ning, and  finally  it  requires  a  good  bearing,  having  a  mini- 
mum of  friction. 

The  top  illustrated  has  these  three  requisities.  It  weighs 
3^  pounds,  and  its  weight  might  be  increased  somewliat 
with  advantage.  It  has  a  frictional  spinning  device  by  which 
a  velocity  of  3,000  revolutions  per  minute  may  readily  be 
attained.     It  is  provided  with  a  hardened  steel  pivot  which 
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turns  on  an  agate  or  steel  step.*  It  is  almost  perfectly 
balanced,  and  the  friction  of  its  bearing  is  very  slight. 
When  unencumbered,  it  will  run  for  over  42  minutes  in  the 
open  air  with  once  spinning,  and  its  motion  may  at  any 
time  be  accelerated  without  stopping,  by  a  new  application 
of  the  friction  wheel. 

The  brass  body  of  the  top  is  6  inches  in  diameter,  and 
f  inch  thick  in  the  rim.  Its  steel  spindle  is  |  inch  in  dia- 
meter and  has  a  tapering  longitudinal  hole  which  is  J  inch 
in  diameter  at  its  larger  end.  To  this  tapering  hole  is  fitted 
the  tapered  end  of  a  rod  supporting  the  stud  on  which  the 
friction  driving  wheel  turns.  The  upper  end  of  the  rod  is 
provided  with  a  handle,  and  to  the  boss  of  the  friction  wheel 
is  secured  a  crank. 

A  sleeve  fixed  to  the  spindle  of  the  top  is  furnished  with 
an  elastic  rubber  covering  which  is  engaged  b}^  the  beveled 
surface  of  the  driving  wheel.  After  imparting  the  desired 
speed  to  the  top,  by  turning  the  driving  wheel,  the  wheel 
and  the  rod  by  which  it  is  supported  may  be  withdrawn 
from  the  top,  without  interfering  in  any  way  with  its  action. 

A  large  number  of  interesting  experiments  ma}'  be  per- 
formed by  means  of  a  top  of  this  character.  Most  demon- 
strations possible  with  the  whirling  table  may  be  adapted 
to  this  top,  and,  besides,  many  phenomena  peculiar  to  the 
top  itself  may  be  exhibited.  A  few  of  the  more  striking 
experiments  are  illustrated. 

By  suddenly  pressing  upon  one  side  of  the  top  with  a 
small  rubber-covered  wheel,  as  shown  in  Fig.  2  (Plate  II.),  ' 
it  will  be  found  impossible  to  change  its  plane  of  rotation 
by  the  application  of  any  ordinary  amount  of  force.  In  fact, 
the  side  of  the  top  to  which  the  pressure  is  applied  will  rise 
rather  than  yield  to  the  pressure. 

By  placing  the  step  of  the  top  on  an  elevated  support, 
such  as  a  tumbler,  as  shown  in  Fig.  3  (Plate  II.),  and  gently 
pressing  against  one  side  of  the  spindle,  the  axis  of  the  top 
will  be  gradually  inclined,  and  a  gyroscopic  action  will  be 

*  An  agate  mortar  of  the  smallest  size,  about  i}4  inches  in  diameter,  mounted 
in  a  wooden  base,  forms  a  very  good  step,  but  a  steel  disk,  having  a  concave 
upper  surface,  and  made  as  hard  as  possible,  is  preferable. 
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set  up.  The  top  will  swing  around  with  a  very  slow, 
majestic  movement,  traveling  six  or  eight  turns  per  minute 
around  a  vertical  axis  while  revolving  rapidly  on  its  own 
axis,  and  it  will  slowly  regain  its  original  position. 

As  the  peripheral  speed  of  the  top  is  almost  a  mile  a 
minute,  a  little  caution  is  necessar}'  in  handling  it  while  in 
rapid  motion,  as  any  treatment  that  will  cause  it  to  leave  its 
bearings  will  be  sure  to  result  in  havoc  among  the  surround- 
ings, besides  being  liable  to  injure  the  operator. 

Several  methods  of  showing  centrifugal  action  are  illus- 
trated, the  simplest  being  that  shown  in  Fig.  4  (Plate  II.) 
A  small  Japanese  umbrella,  about  20  inches  in  diameter,  is 
arranged  to  be  rotated  by  the  top,  by  applying  to  its  staff  a 
tube  which  fits  over  the  spindle  of  the  top.  In  this,  as  well 
as  the  other  experiments,  the  top  is  set  in  motion  before  the 
object  to  be  revolved  is  applied.  The  tube  attached  to  the 
umbrella  having  been  placed  on  the  revolving  spindle,  the 
arms  are  thrown  up  by  centrifugal  action,  thus  spreading 
the  umbrella. 

Fig.  5  (Plate  II.)  shows  a  ring  formed  of  two  pieces  of 
heavy  rubber  tubing  secured  to  two  metallic  sleeves  fitted 
to  a  rod  adapted  to  the  tapering  hole  of  the  top  spindle. 
The  lower  sleeve  is  fixed,  and  the  upper  one  is  free  to  slide 
up  or  down  on  the  rod.  Normally,  the  rubber  forms  a  ring, 
as  shown  in  dotted  lines,  but,  when  rotated,  the  centrifugal 
force  reduces  it  to  a  flat  ellipse.  A  similar  experiment,  in 
which  two  elastic  rings  are  secured  on  opposite  sides  of  the 
rod,  is  shown  in  Fig.  6  (Plate  II.);  the  rings  being  circular 
when  stationary  and  elliptical  when  revolved. 

In  Fig.  7  is  shown  a  device  for  illustrating  the  formation 
of  an  oblate  spheroid.  A  tube,  closed  at  the  lower  end  and 
fitted  to  the  hole  in  the  top  spindle,  is  provided  near  its 
lower  end  with  a  fixed  collar  and  a  screw  collar,  between 
which  the  lower  wall  of  a  hollow  flexible  rubber  sphere  is 
clamped.  The  upper  wall  of  the  sphere  is  clamped  in  a 
similar  way  between  collars  on  a  sleeve  arranged  tcj  slide  on 
the  tube.  The  tube  is  perforated  above  the  lower  pair  of 
collars  to  admit  of  filling  the  hollow  ball  with  water.  When 
the  ball  is  filled  or  partly  filled  with  water,  and  rotated,  it 
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becomes  flattened  at  the  poles  and  increases  in  diameter  at 
the  equator,  perfectly  illustrating  the  manner  in  which  the 
earth  received  its  present  form. 

The  glass  water  globe  represented  in  motion  in  Fig.  8 
exhibits  a  cylindrical  air  space  extending  through  it  parallel 
with  the  axis  of  rotation,  the  water  having  been  carried  as 
far  as  possible  from  the  center  of  rotation  by  centrifugal 
action. 

When  the  speed  of  the  globe  is  reduced,  gravity  asserts 
itself  and  the  air  space  assumes  a  parabolic  form,  as  shown 
in  Fig.  9  (Plate  II.) 

In  the  globe  represented  in  Fig.  lo  the  filling  consists 
of  water  and  mercury.  The  rotation  of  the  globe  causes  the 
mercury  to  arrange  itself  in  the  form  of  a  narrow  band  at 
the  equator  of  the  globe. 

Fig.  II  shows  a  globe  filled  with  air,  oil,  and  water, 
which,  when  the  globe  is  revolved,  arrange  themselves  in 
the  order  named,  beginning  at  the  center  of  the  globe.* 

A  Hero's  fountain,  operated  by  centrifugal  force  instead 
of  gravity,  is  shown  in  Fig.  i2  (Plate  II.)  The  metallic 
vessel  contains  three  concentric  compartments.  The  jet 
tube  extends  downward  into  the  central  compartment  and 
is  bent  laterally,  so  that  it  nearly  touches  the  wall  of  the 
compartment.  The  intermediate  compartment  communi- 
cates with  the  outer  compartment,  and  the  outer  and  central 
compartments  are  connected  by  an  air  duct.  The  central 
and  intermediate  compartments  are  filled  with  water,  and 
as  the  vessel  is  revolved  the  water  in  the  intermediate  com- 
partment is  carried  by  centrifugal  action  into  the  outer 
compartment,  and,  compressing  the  air  contained  in  that 
compartment,  drives  it  through  the  air  duct,  with  a  force 
due  to  the  centrifugal  action,  into  the  central  compartment, 
where  it  exerts  a  pressure  on  the  water  sufficient  to  cause  it 
to  be  discharged  through  the  jet. 

*  See  also  chapter  on  projection. 
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Fig. 


THE     GYROSCOPE. 

This  instrument  has  always  been  a  puzzle  to  physicists. 
Its  phenomena  seems  to  be  incapable  of  explanation  in  a 
popular  way.  In  view  of  the  complicated  nature  of  the  cal- 
culations involved,  no  attempt  will  here  be  made  to  explain 
the  action  of  the  gyroscope  mathe- 
matically,* the  object  of  the  present 
article  being  merely  to  describe  a 
few  modifications  of  the  instru- 
ment and  to  mention  peculiarities 
noticed  in  the  performance  of  some 
of  these  modified  forms. 

The  difficulty  of  securing  a  high 
speed  in  a  large  gyroscope  led  to 
the  application  of  a  friction  driv- 
ing device,  as  shown  in  Figs.  13 
and  I3«,  by  means  of  which  an 
initial  velocity  of  from  4,500  to  5,000  revolutions  per  minute 
may  readily  be  attained. 

The  instrument,  after  being  set  in  motion,  behaves  like 
other  gyroscopes  not  provided  with  means  for  maintaining 
the  rotary  motion  of  the  wheel,  but  its  size  and  the 
facility  with  which  it  may  be  operated  render  it  verv  satis- 
factory. 

The  gyroscope  wheel  is  6  inches  in  diameter,  {'  inch  thick, 
and,  together  with  its  shaft,  weighs  2ii  pounds.  The  annular 
frame  weighs  if  pounds.  So  that  5^  pounds  must  be  sus- 
tained b}^  gyroscopic  action  when  the  counterbalance  is  not 
applied. 

The  driving  wheel  is  7J  inches  in  diameter.     Its  face  is 

*  For  a  mathematical  explanation  see  "  Rotarj- Motion  as  applied  to  the 
Gyroscope,"  by  Gen.  J.  G.  Barnard. 
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I  inch  wide.  Its  shaft  is  journaled  in  an  arm  pivoted  to  the 
base,  \vith  its  free  end  adapted  to  enter  a  recess  in  the  edge 
of  the  annular  frame,  for  supporting  the  gyroscopic  wheel 
while  motion  is  being  imparted  to  it.     Upon  the  shaft  of  the 


gyroscope  wheel  is  secured  a  soft  rubber  tube  having  an 
external  diameter  of  nine-sixteenths  inch.  This  shaft  makes 
13-84  revolutions  to  one  turn  of  the  drive  wheel,  so  that 
when  the  drive  wheel  is  turned  six  times  per  second,  the 
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gyroscope  wheel  will  make  very  nearly  5,000  turns  per  min- 
ute (4,982). 

This  gyroscope  may  be  arranged  as  a  Bohnenberger 
apparatus  by  removing  the  tall  standard  and  attaching  the 
shorter  one  to  the  center  of  the  base  by  means  of  a  bolt. 
The  annular  frame  of  the  instrument  is  suspended  on  pivotal 
screws  in  the  extremities  of  the  semicircular  support,  which 
is  capable  of  turning  on  the  upper  end  of  the  short  standard. 
In  the  engraving  the  short  standard,  together  with  the  semi- 
circular support,  is  shown  lying  on  the  table.  The  usual 
counterbalance  is  also  shown  lying  on  the  table.  Fig.  13 
shows  the  drive  wheel  in  position  for  imparting  motion  to 
the  gyroscopic  wheel,  and  Fig.  13a  shows  the  driving  wheel 
withdrawn  and  the  gyroscope  in  action. 

As  this  instrument  does  not  differ  from  the  ordinary  one, 
except  in  the  application  of  the  driving  mechanism,  it  will 
be  unnecessary  to  go  into  particulars  regarding  its  perform- 
ance. 

In  Figs.  14,  15,  and  16  are  shown  pneumatic  gyroscopes, 
and  Fig.  17  represents  a  steam  gyroscope. 

The  pneumatic  gyroscope  shown  in  Fig.  14  consists  of  a 
heavy  wheel  provided  with  flat  arms  arranged  diagonally, 
like  the  vanes  of  a  windmill.  The  wheel  is  pivoted  on 
delicate  points  in  an  annular  frame  having  an  arm  pivoted 
in  a  fork  at  the  top  of  the  vertical  support.  The  arm  of  the 
annular  frame  carries  a  tube,  which  terminates  near  the 
vanes  of  the  wheel  in  an  air  nozzle  which  is  directed  toward 
the  vanes  at  the  proper  angle  for  securing  the  highest  velo- 
city. The  opposite  end  of  the  tube  is  prolonged  beyond  the 
pivot  of  the  frame. 

The  support  of  the  annular  frame,  shown  in  vertical  sec- 
tion in  Fig.  15,  consists  of  an  inner  and  outer  tube,  the  inner 
tube  having  a  closed  upper  end  terminating  in  a  pivotal 
point.  The  lower  end  of  this  tube  communicates  with  the 
horizontal  tube,  through  which  air  is  supplied  to  the  ma- 
chine. 

A  sleeve,  closed  at  its  upper  end  and  carrying  the  fork 
in  which  the  arm  of  the  annular  frame  is  pivoted,  is  inserted 
in  the  space  between  the  inner  and  outer  tubes,  and  turns 
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Fig.  14. 


Pneumatic  Gyroscope. 
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on  the  pointed  end  of  the  inner  tube.  The  inner  tube  is 
perforated  near  its  pointed  end,  to  permit  of  the  escape  of 
air  to  the  interior  of  the  sleeve,  and  the  lower  end  of  the 
sleeve  is  sealed  by  a  quantity  of  mercury  contained  by  the 
space  between  the  inner  and  outer  tubes.  The  air  pipe  car- 
ried by  the  annular  frame  communicates  with  the  upper  end 
of  the  sleeve  by  a  flexible  tube.  When  air  under  pressure 
passes  through  the  inner  pointed  tube,  through  the  sleeve, 
and  through  the  air  nozzle,  and  is  projected  against  the 
vanes  of  the  wheel,  the  wheel  rotates  with  great  rapidity, 
and  the  gyroscope  behaves  in  all  respects  like  the  electrical 
gyroscope  referred  to. 

The  gyroscope  shown  in  Fig.  16  is  adapted  to  the  stand- 
ard just  described,  but  the  heavy  wheel  is  replaced  by  a 
very  light  paper  ball,  whose  rotation  is  maintained  by  two 
tangential  air  jets,  which  play  upon  it  on  diametrically 
opposite  sides,  and  nearly  oppose  each  other,  so  far  as  their 
action  on  the  surrounding  air  is  concerned.  The  rotary 
motion  is  produced  solely  by  the  friction  of  the  air  on  the 
surface  of  the  ball.  The  upwardly  turned  nozzle  is  arranged 
to  deliver  an  air  blast  which  is  a  little  stronger  than  that  of 
the  lower  nozzle,  so  that  a  slight  reactionary  force  is  secured, 
which  assists  the  gyroscope  in  its  movement  around  the 
vertical  pivot  sufficiently  to  cause  the  ball  to  maintain  its 
horizontal  plane  of  rotation  continuously.  In  fact,  this 
gyroscope  will  start  from  the  position  of  rest,  raise  itself  in 
a  spiral  course  into  a  horizontal  plane,  and  afterward  con- 
tinue to  rotate  in  the  same  plane  so  long  as  air  under  pres- 
sure is  supplied. 

It  ma}^  be  questioned  whether  this  machine  is  a  true 
gyroscope.  However  this  may  be,  it  is  certain  that  the 
reactionary  power  of  the  stronger  air  jet  is  of  itself  insuffi- 
cient to  produce  the  motion  about  the  vertical  pivot ;  neither 
is  there  a  sufficient  vacuum  at  the  top  of  the  ball  to  produce 
any  appreciable  lifting  effect. 

The  steam  gyroscope  shown  in  Fig.  17  hardly  needs 
explanation.  It  differs  from  all  the  others  in  generating  its 
own  power  within  its  moving  parts.  The  boiler  is  support- 
ed by  trunnions  resting  in  a  fork  arranged  to  turn  on  a  fine 
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vertical  pivot.  The  engine  is  attached  to  the  boiler,  so  that 
both  engine  and  boiler  swing  on  the  trunnions  in  a  vertical 
plane.  The  wheel  of  the  engine  is  made  disproportionately 
large  and  heavy,  to  secure  the  best  gyroscopic  action. 

The  performance  of  the  steam  gyroscope  is  like  that  of 

Fig.   i6. 


Pneumatic  Gyroscope  having  Continuous  Action. 

the  other  power-propelled  gyroscopes,  and  needs  only  a 
reactionary  jet  of  steam  or  some  other  slight  force  to  keep 
up  the  rotation  around  the  vertical  pivot,  and  thus  render 
the  action  of  the  instrument  continuous. 


AN   ELECTRICAL   GYROSCOPE. 
To  render  the  operation  of  the  gyroscope  as  nearly  con- 
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Fig.   17- 


Steam   Gyroscope 
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tinuous  as  possible,  so  that  its  movements  may  be  more 
thoroughly  studied,  electricity  has  been  applied  as  a  motive 
agent. 

The  gyroscope  illustrated  in  Plate  I.  (frontispiece)  and 
in  Fig.  1 8  has  a  weighted  base  piece,  from  which  projects 
a  pointed  standard  that  supports  the  moving  parts  of  the 
instrument.  The  frame,  of  which  the  electro-magnets  form 
a  part,  has  an  arm  in  which  is  fastened  an  insulated  cup,  that 
rests  upon  the  point  of  the  standard.  One  terminal  of  the 
magnet  coil  is  connected  with  this  cup,  and  the  other  ter- 
minal is  connected  with  the  yoke  connecting  the  cores  of 
the  two  magnets. 

To  the  top  of  the  yoke  is  secured  a  hard  rubber  insula- 
tor, which  supports  a  current-breaking  spring  arranged  to 
touch  a  small  cylinder  on  the  wheel  spindle  twice  during 
each  revolution  of  the  wheel. 

The  wheel,  whose  plane  of  rotation  is  at  right  angles 
with  the  magnet  cores,  carries  a  soft  iron  armature,  which 
turns  very  near  the  face  of  the  magnet,  but  does  not  touch 
it.  The  armature  is  arranged  in  such  relation  to  the  contact 
surface  of  the  current-breaking  cylinder  that  twice  during 
each  revolution,  as  the  armature  nears  the  magnet  cores,  it 
is  attracted,  but  immediately  the  armature  comes  directly 
opposite  the  face  of  the  magnet  cores,  the  current  is  broken, 
and  the  acquired  momentum  is  sufficient  to  carry  the  wheel 
forward  until  the  armature  is  again  within  the  influence  of 
the  magnet. 

The  current-breaking  spring  is  connected  with  a  fine 
copper  wire,  that  extends  backward  as  far  as  the  pointed 
standard,  and  is  coiled  several  times  to  render  it  very  flexi- 
ble, and  is  finally  bent  downward  so  as  to  dip  in  mercury 
contained  in  an  annular  vulcanite  cup  placed  on  the  pointed 
standard  near  the  base  piece. 

The  base  piece  is  provided  with  two  binding  posts  for 
receiving  the  battery  wires.  One  of  the  binding  posts  is 
connected  with  the  pointed  standard,  and  the  other  commu- 
nicates by  a  small  wire  with  the  mercury  in  the  vulcanite 
cup. 

The  wheel,  magnet,  and  parts  connected  therewith  are 
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free  to  move  in  any  direction  on  the  point  of  the  stand- 
ard. Wlien  two  large  or  four  small  Bunsen  cells  are  con- 
nected with  the  gyroscope,  the  wheel  revolves  with  enor- 
mous velocity,  and  upon  letting  the  magnet  go  (an  opera- 
tion requiring  some  dexterity),  the  wheel  sustains  not  only 
itself,  but  also  the  magnet  and  other  parts  between  it 
and  the  point   of  the  standard,  in    opposition    to    gravity. 

Fig.  18, 


Electrical  Gj'roscope. 

The  wheel,  besides  rotating  rapidly  on  its  axis,  sets  up  a 
slow  rotation  about  the  pointed  standard  in  the  direction  in 
which  the  under  side  of  the  wheel  is  moving. 

By  attaching  the  arm  and  counterbalance  shown  in  the 
engraving,  so  as  to  exactly  balance  the  wheel  and  magnets 
on  the  pointed  standard,  the  whole  remains  stationary.  By 
overbalancing  the  wheel  and  magnets,  the  rotation  of  the  ap- 
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paratus  around  the  standard  is  in  an  opposite  direction,  or 
in  the  direction  in  which  the  top  of  the  wheel  is  turning. 

This  gyroscope  ilhistrates  the  persistency  of  a  rotating 
body  in  maintaining  its  plane  of  rotation.  It  also  exhibits 
the  result  of  the  combined  action  of  two  forces  tending  to 
produce  rotations  about  two  separate  axes  lying  in  the  same 
plane,  one  force  being  gravit)- . 

The  rotation  of  the  wheel  upon  its  axis,  produced  in  this 
instance  by  the  electro-magnet,  and  the  tendency  of  the 
wheel  to  fall,  or  rotate  in  a  vertical  plane  about  a  second 
horizontal  axis  at  right  angles  to  the  first,  results  in  a  ten- 
dency to  continuailjr  rotate  about  a  new  horizontal  axis 
intermediate  between  the  two.  The  continual  adaptation  to 
this  new  axis  implies  rotation  of  the  whole  mass  additionally 
around  a  vertical  axis  which  is  coincident  with  that  of  the 
pointed  standard. 

ELECTRICAL    GYROSCOPE    FOR   SHOWINc;     THE     ROTATION    OF 

THE    EARTH. 

Although  the  apparent  displacement  of  the  plane  of 
vibration  of  the  pendulum  had  long  been  noticed,  it  was  not 
until  the  year  1852  that  the  fact  was  coupled  with  the  diur- 
nal rotation  of  the  earth.  In  September  of  that  year  M. 
Foucault,  the  distinguished  French  physicist,  suspended  a 
ball,  by  means  of  a  fine  wire,  from  the  dome  of  the  Pantheon 
at  Paris,  and  for  the  hrst  time  in  the  history  of  the  world 
made  visible  the  rotation  of  the  earth.  The  pendulum  thus 
formed,  after  receiving  an  impulse,  vibrated  for  many  hours, 
and  preserved  its  plane  of  vibration  while  the  earth  slowly 
turned  under  it.  This  splendid  experiment  was  subsequently 
repeated  at  the  Capitol  at  Washington,  and  at  other  places. 

Soon  after  the  pendulum  experiment,  Foucault,  to  illus- 
trate the  same  thing,  constructed  a  gyroscope  which  was  a 
modification  of  Bohnenberger's  machine.  This  gyroscope 
received  a  rotating  impulse  from  the  hand  of  the  operator, 
and  the  momentum  of  the  disk  was  depended  on  to  continue 
the  rotation  for  a  sufficient  length  of  time  to  exhibit  the 
movement  of  the  earth. 
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Fig.   19. 


Gyroscope  for  shovTing  the  Earth's  Rotation. 
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To  ftirnish  a  more  practicable  means  of  making  visible 
the  diurnal  movement  of  the  earth,  the  action  of  the  gyro- 
scope is  made  continuous  by  applying  electricity  as  a  pro- 
pelling power. 

In  Fig.  19  (which  represents  the  machine  arranged  for 
the  purpose  named)  the  rectangular  frame  which  contains 
the  wheel  is  supported  by  a  fine  and  very  hard  steel  point, 
which  rests  upon  an  agate  step  in  the  bottom  of  a  small 
iron  cup  at  the  end  of  the  arm  supported  by  the  standard. 

The  wheel  spindle  turns  on  carefully  made  steel  points. 
Upon  the  spindle  are  placed  two  cams — one  at  each  end — 
which  operate  the  current-breaking  springs. 

The  horizontal  sides  of  the  frame  are  of  brass,  and  the 
vertical  sides  are  iron.  To  the  vertical  sides  are  attached 
the  cores  of  the  electro-magnets,  and  the  wheel  is  provided 
with  two  armatures — one  on  each  side — which  are  ar- 
ranged at  right  angles  to  each  other.  The  two  magnets 
are  oppositely  arranged  in  respect  to  polarity,  to  render  the 
instrument  astatic. 

An  insulated  stud  projects  from  the  middle  of  the  lower 
end  of  the  frame  to  receive  an  index  that  extends  nearly  to 
the  peripher)'  of  the  circular  base  piece  and  moves  over  a 
graduated  semicircular  scale.  An  iron  point  projects  from 
the  insulated  stud  into  a  mercury  cup  in  the  center  of  the 
base  piece,  and  is  in  electrical  communication  with  the  pla- 
tinum-pointed screws  of  the  current  breakers.  The  current- 
breaking  springs  are  connected  with  the  terminals  of  the 
magnet  wires,  and  the  magnets  are  in  electrical  communi- 
cation with  the  wheel-supporting  frame. 

One  of  the  binding  posts  is  connected  by  a  wire  with  the 
mercury  in  the  cup,  and  the  other  is  connected  with  the 
standard.  A  drop  of  mercury  is  placed  in  the  cup  that 
contains  the  agate  step,  to  form  an  electrical  connection 
between  the  iron  cup  and  the  pointed  screw.  The  instru- 
ment is  covered  with  a  glass  shade  to  exclude  air  currents, 
and  the  base  piece  is  provided  with  leveling  screws. 

The  current  breaker  is  contrived  to  make  and  break  the 
current  at  the  proper  instant,  so  that  the  full  effect  of  the 
magnets  is  realized,  and  when  the  binding  posts  are  con- 
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nected  with  four  or  six  Bunsen  cells,  the  wheel  rotates  at  a 
high  velocity. 

The  wheel  will  maintain  its  plane  of  rotation,  and  when 
it  is  brought  into  the  plane  of  the  meridian,  the  index  will 
appear  to  move  toward  the  right  of  a  person  facing  north- 
ward with  the  index  pointing  northward  in  front  of  him. 
To  a  person  in  New  York,  therefore,  the  index  seems  to 
turn  toward  the  east.     To  a  person  at  the  north  pole,  where 

Fig.   20. 


Electrical    Gyroscope. 


north  is  up  and  east  is  left,  the  hourly  deviation  is  15° 
rightward,  or  zvcstward.  At  the  equator  there  is,  of  course, 
no  deviation. 

It  makes  no  difference  whether  the  index  p(jints  north- 
ward or  southward,  its  apparent  motion  is  always  toward  the 
right,  thus  affording  visible  evidence  that  the  earth  rotates. 

The  instrument  thus  described  may  be  easily  modified, 
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SO  as  to  illustrate  other  interesting  phenomena  of  rotar)^ 
motion. 

By  removing  the  index  and  point  from  the  insulated  stud 
at  the  lower  part  of  the  frame  and  unscrewing  the  support- 
ing piece  from  the  top  of  the  frame,  the  frame  may  be  sus- 
pended in  a  horizontal  position  upon  pointed  screws  in  a 
fork  which  is  supported  upon  a  vertical  pivot,  as  shown  in 
Fig.  20. 

The  pointed  screw  entering  the  insulated  stud  is  itself 
insulated,  and  communicates,  by  an  insulated  wire,  with 
mercur)'  contained  in  an  annular  vulcanite  cup  on  the  fork- 
supporting  pivot.  One  of  the  binding  posts  is  connected 
with  the  pivot  of  the  fork  and  the  other  communicates  with 
the  mercurj'  in  the  vulcanite  cup. 

When  the  instrument  is  connected  with  a  batter}-,  the 
wheel  revolves  rapidl}-,  and  if  undisturbed  will  remain  in 
the  position  m  which  it  was  started.  If  a  small  weight, 
such  as  a  key,  be  hung  upon  one  of  the  pivot  screws  of  the 
wheel  spindle,  the  frame  containing  the  wheel  does  not  turn 
quickl}^  on  its  pivots,  as  might  be  expected,  or  as  it  would 
if  the  wheel  were  not  revolving,  but  the  entire  apparatus 
immediately  begins  to  revolve  slowl}-  on  the  vertical  pivot, 
while  the  weighted  side  of  the  frame  descends  almost  im- 
perceptibly. Transfer  the  weight  to  the  opposite  pivot,  and 
while  the  wheel  still  revolves  in  the  same  direction,  the  ap- 
paratus will  turn  on  the  vertical  pivot  in  the  opposite 
direction. 

By  removing  the  weight  from  the  pivot  screw  and  turn- 
ing the  apparatus  on  the  vertical  pivot,  the  converse  of  what 
has  just  been  described  will  result ;  that  is,  the  wheel  besides 
revolving  on  its  own  axis  will  turn  in  a  plane  at  right  angles 
to  its  plane  of  rotation. 

If  the  apparatus  be  turned  on  the  vertical  pivot  in  the 
opposite  direction,  the  rotation  of  the  wheel  on  its  new  axis 
will  be  reversed,  and  by  oscillating  the  apparatus  on  the 
vertical  pivot  the  wheel  and  frame  will  revolve  rapidly  on 
the  pointed  screws  that  support  the  frame. 

The  law  controlling  these  movements  is  as  follows: 
"  Where  a  body  is  acted  upon  by  two  systems  of  forces. 
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tending  to  produce  rotations  about  two  separate  axes  lying 
in  the  same  plane,  the  resultant  motion  will  be  rotation  about 
a  new  axis  situated  in  the  same  plane  between  the  directions 
of  the  other  two." 

By  means  of  this  continuously  operating  gyroscope  Dr. 
Magnus'  experiments  showing  some  of  the  causes  of  devia- 
tion of  projectiles  ma}^  be  exhibited. 

EQUATORIAl.LY    MOUNTED     ELECTRICAL    INDICATOR. 

In  Fig.  21  a  gyroscope  is  shown  which  is  suspended  with 
the  axis  of  the  wheel-supporting  frame,    C,   at  right  angles 

Fig.   21. 


Electrical  Indicator. 

to  the  plane  of  the  equator  and  parallel  with  the  polar  axis 
of  the  earth.  The  frame,  C,  is  suspended  by  silk  threads 
from  studs  that  project  from  the  beam,  A.  Two  vulcanite 
mercury  cups  are  supported  by  the  beam,  B,  in  position  to 
make  an  electrical  connection  with  the  disks  on  the  axes  of 
the  frame,  C.  These  cups  are  connected  by  a  spirally  coiled 
wire  with  the  binding  posts  that  receive  the  battery  wires. 
The  beams,  A,  B,  are  connected  by  rods,  so  that  when  it  is 
desired  to  adjust  the  instrument,  the  parts  will  maintain 
their  proper  relation. 
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Upon  one  of  the  axes  of  the  frame,  C,  there  is  an  index 
that  moves  in  front  of  the  scale  of  degrees.  Upon  the  other 
axis  there  is  a  small  mirror,  D,  for  receiving  a  beam  of  light 
and  projecting  it  on  a  screen.  By  this  arrangement  a  very 
long  index  is  secured  without  additional  weight. 

The  instrument  as  represented  in  the  engraving  is  ad- 
justed for  the  equator.  In  New  York  the  axis  of  the 
wheel-supporting  frame  would  have  to  be  adjusted  at  an 
angle  of  40°  41'  with  the  horizon. 

The  instrument  shown  in  the  engraving  should,  when 
the  axis  of  the  frame,  C,  is  adjusted  equatorially,  indicate 
15°  motion  per  hour  in  any  latitude. 

The  arrangement  of  the  wheel,  the  commutator,  and  con- 
nections is  substantially  the  same  in  this  instrument  as  in 
the  one  previously  described. 

BURSTING  OF   FLY-WHEELS   BY   GYROSCOPIC   ACTION. 

The  theory  of  the  bursting  of  fly-wheels,  which  has  been 
accepted  in  the  majority  of  cases,  is  that  the  centrifugal 
force  due  to  a  high  velocity  overcomes  the  cohesion  of 
the  particles  of  the  material  of  which  the  wheel  is  com- 
posed. 

Of  course  this  explanation  is  entirely  inadequate  when 
applied  to  a  wheel  whose  strength  is  sufficient  to  resist  any 
tendency  to  fly  to  pieces  from  purely  centrifugal  force 
under  the  conditions  of  its  use  ;  but  of  the  fact  that  such 
wheels  burst  no  evidence  is  needed,  and  some  cause  other 
than  centrifugal  force  must  be  assigned  for  the  bursting. 

Supposing  the  fly-wheel  to  be  perfectly  balanced  and 
without  defects  in  material  or  design,  it  may  be  driven  with- 
out danger  at  any  velocity  usually  considered  within  the 
limit  of  safety,  so  long  as  it  continues  to  rotate  m  a  plane 
at  right  angles  to  its  geometrical  axis.  And  it  may  be 
moved  in  the  plane  of  its  rotation  or  at  right  angles  to  it, 
that  is,  in  the  direction  of  the  length  of  the  shaft,  without 
creating  any  more  internal  disturbance  than  would  result 
from  moving  it  in  the  same  way  while  at  rest.  But  when  a 
force  tending  to  produce  rotation  at  right  angles  to  the 
plane  of  the  wheel's  rotation  is  applied,  the  effect  will  be 
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vastly  different,  and  the  result  will  be  a  tendency  to  rotate 
about  a  new  axis  between  the  other  two,  and  the  centrifugal 
strain  upon  the  wheel  is  supplemented  b}'  a  twisting  strain, 
which  is  an  important  but  generally  unnoticed  factor  in  the 
destructive  action. 

To  bring  this  idea  to  a  practical  application,  the  shaft 
and  fl3--wheel  of  a  high-speed  engine  may  be  taken  as  an 
example.  Let  the  wheel  be  correctly  designed,  well  made, 
and  well  balanced,  and  if  its  shaft  is  properly  lined  and  sup- 
ported in  rigid  journal  boxes,  the  wheel  will  perform  its 
office  without  danger  of  bursting;  but  support  the  same 
wheel  and  shaft  upon  weak  plummer  blocks,  and  allow  one 
or  both  of  its  journals  to  move  laterally  at  every  stroke  of 
the  engine,  or  even  less  frequently,  and  a  disturbing  element 
will  have  been  introduced  which  will  strain  the  wheel  later- 
ally, and  which,  together  with  centrifugal  force,  will  effect 
molecular  changes  in  the  structure  of  the  iron,  and  the 
result  will  be  that  if  the  wheel  is  not  immediately  broken  it 
finally  becomes  weakened,  so  that  it  will  yield  to  the  forces 
that  tend  to  destroy  it. 

Any  wheel  whose  axis  is  swung  in  a  plane  at  right  angles 
to  its  plane  of  rotation,  either  occasionally  and  irregularly 
or  frequently  and  regularly,  tends  to  turn  laterally  on  an 
axis  between  that  of  the  normal  rotation  and  that  of  the 
extraneous  disturbing  force.  This  tendency  exists  in  ordi- 
nary wheels,  although  not  visible  The  engraving  shows  a 
flexible  wheel,  which  clearly  exhibits  the  effects  of  these 
disturbing  forces.  The  rim  is  of  rubber,  the  spokes  of 
spring  wire,  and  when  the  wheel  is  revolved  very  rapidly 
and  moved  in  a  plane  parallel  with  its  plane  of  rotation,  no 
disturbance  results,  and  no  effect  is  produced  b}'  moving 
it  at  right  angles  to  its  plane  of  rotation  ;  but  when  the 
wheel  is  turned  even  slightly  on  an  axis  at  right  angles  to 
its  geometrical  axis  by  swinging  the  shaft  laterally,  the  rim, 
while  preserving  its  circular  form,  inclines  to  the  plane  of 
the  rotation  of  its  shaft,  bending  the  spokes  into  a  concave 
form  on  one  side  of  the  hub  and  convex  on  the  other,  show- 
ing the  effects  of  the  disturbing  force  on  the  figure  of  the 
wheel,  as  in  Fisr.  2;. 
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When  the  disturbing-  force  is  rhythmical,  lateral  vibra- 
tions and  wave  motions  are  set  up  in  the  rim,  which  are 
out  of  all  proportion  to  the  extraneous  force  applied. 

From  this  experiment  it  is  evident  that  the  lateral  swing- 
ing of  the  shaft  of  a  fly-wheel  (for  instance  when  its  journal 
boxes  are  loose,  or  when  the  frame  of  the  machine  of  which 
the  fly-wheel  forms  a  part  is  yielding)  tends  to  weaken  the 
wheel  even  when  the  lateral  movement  is  slight ;  and  where 
it  is  great,  as  when  the  shaft  is  broken,  the  twisting  effect  is 
correspondingly  great,  and  the  wheel  or  its  support  must 
yield. 

No  rotating  machines  are  more  subject  to  bursting  than 
grindstones,  and  generally  no  rotating  bodies  of  equal  weight 
are  mounted  upon  such  small  shafts  or  on  such  weak  sup- 
ports. The  suspended  ones  are  especially  liable  to  the 
destructive  action  above  described,  as  their  frames  are 
generally  far  too  weak. 

Fig.  24  illustrates  the  effect  of  a  lateral  blow  on  the  rim 
of  a  fly-wheel.  Of  course  the  effect  is  much  exaggerated  in 
the  flexible  wheel,  but  it  shows  the  form  taken  by  the  rim 
under  a  blow,  the  blow  producing  a  much  greater  effect  on 
the  wheel  while  in  motion  than  when  at  rest. 
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CHAPTER  IV. 

FALLING   BODIES — INCLINED    PLANE — THE    PENDULUM. 

"  In  a  vacuum  all  bodies  fall  with  equal  rapidity."  This 
is  the  first  law  of  falling  bodies.  The  well  known  guinea 
and  feather  experiment  is  a  demonstration  of  this  law.    The 


Effect  of  the  Resistance  of  Air  on   Falling  Bodies. 

heavy  body  and  the  light  one  being  dropped  simulta- 
neously in  a  tube  deprived  of  air,  reach  the  bottom  at  the 
same  instant. 

The  converse  of  this  experiment  is  illustrated  in  Fig.  25. 
In  this  case  the  retardation  caused  by  the  resistance  of  the 
air  is  clearly  shown.  A  bunch  of  very  loose  cotton  wool  is 
attached  to  a  small  piece,  A,  of  tin  foil,  and  the  cotton  thus 
arranged  is  dropped  simultaneously  with  the  lead  bullet,  B. 
As  would  be  expected,  the  bullet  reaches  the  ground  in 
about  half  the  time  required  for  the  descent  of  the  cotton. 
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boiled    to    expel  the  air. 


Fig.  26. 


By  rolling  the  cotton  into  a  compact  ball  and  inclosing 
it  in  the  tinfoil,  the  surface  exposed  to  the  air  will  be  very 
much  diminished,  and  when  the  experiment  is  repeated 
with  the  cotton  thus  diminished  in  bulk,  it  is  found  that  the 
two  bodies  fall  with  nearly  equal  rapidity. 

The  water  hammer  shown  in  Fig.  26  demonstrates  that 
in  a  vacuum  liquids  fall  like  solids,  without  being  broken  up 
or  divided.  The  water  hammer  consists  of  a  glass  tube 
half  filled  with  water,  which  is 
the  tube  being  afterward  sealed. 
When  the  tube  is  inverted,  the 
water  falls  in  a  body,  striking 
the  opposite  end  of  the  tube, 
producing  a  sharp  clink. 

SWIFTEST     DESCENT     APPARATUS. 

The  descent  of  a  falling  body 
along  an  inclined  plane  is  gov- 
erned by  the  same  law  that  con- 
trols the  fall  of  free,  unimpeded 
bodies,  i.  e.,  "  the  spaces  traversed 
are  proportional  to  the  squares  of 
the  times  of  descent."  The  law 
does  not  apply  to  the  descent  of 
a  body  along  any  curved  path. 
A  body  descending  a  concave 
path  will  be  accelerated  most  at 
the  beginning  of  its  fall.  A 
body  descending  a  convex  path 
will  start  slowly,  and  will  be  in- 
creasingly accelerated  as  it  approaches  the  end  of  its  travel. 

Three  cases  are  here  considered  :  First,  that  of  a  body 
rolling  down  an  inclined  plane  ;  second,  that  (jf  a  body  de- 
scending a  concave  circular  curve  ;  and  third,  that  of  a  body 
descending  a  cycloidal  curve.  In  the  case  of  the  inclined 
plane,  if  the  body  falls  two  feet  in  one  second,  it  will  fall 
eight  feet  in  two  seconds,  eighteen  feet  in  three  seconds, 
and  so  on.  In  the  case  of  the  concave  circular  curve,  the 
fall  of  the  body  will  be  accelerated  rapidly  at  the  start,  and 
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the  body  will  reach  the  point  of  stopping  quicker  than  the 
body  on  the  inclined  plane,  although  it  travels  over  a  longer 
distance.  In  the  case  of  the  cycloidal  curve,  the  body  ac- 
quires a  high  velocity  at  once,  as  its  path  at  the  beginning 
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is  practically  vertical.     This  curve  has  been  called  the  curve 
of  swiftest  descent,  as  a  falling  body  passes  over  it  from  the 
point  of  starting  to  the  point  of  stopping  in  less  time  than 
upon  any  other  path,  excepting,  of  course,  the  vertical. 
The  cycloid  has  another  property,  in  virtue  of  which  it 
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has  been  called  the  isochronal  curve.  A  body  will  roll 
down  this  curve  from  any  point  in  its  length  to  the  point  of 
stopping  in  exactly  the  same  time,  no  matter  where  it  is 
started.  For  example,  if  it  requires  a  second  of  time  for  a 
ball  to  roll  from  the  upper  to  the  lower  end  of  the  curve,  it 
will  also  take  one  second  for  a  ball  to  roll  from  the  center 
of  the  curve  to  its  lower  end. 

Apparatus  for  illustrating  these  principles  is  shown  in 
Fig.  27.  It  does  not  differ  much  from  the  ordinary  appara- 
tus used  for  the  same  purpose.  It  is,  however,  made  en- 
tirely of  wire,  and  is  arranged  to  fold,  so  that  it  occupies 
little  space  when  not  in  use.  The  rails  of  the  tracks  are 
formed  of  one-eighth  inch  brass  wire.  These  rails  are  con- 
nected by  curved  cross  pieces  having  ends  bent  at  right 
angles  and  soldered  to  the  under  surface  of  the  rails.  The 
lower  ends  of  the  rails  are  connected  by  angled  wires  with 
a  cross  bar,  A,  which  is  bent  forward,  then  upward,  to 
receive  the  board,  B,  forming  the  stop  for  the  balls.  The 
upper  ends  of  the  rails  are  connected  by  angled  wires  with 
a  cross  bar,  C,  which  receives  the  loops  of  the  wire  leg,  D. 
To  the  leg  is  jointed  a  brace  which  hooks  over  one  of  the 
cross  pieces  of  the  middle  track. 

To  the  upper  cross  bar  are  soldered  wire  eyes,  support- 
ing a  wire  bent  so  as  to  form  three  cranks  for  holding 
the  balls,  and  releasing  them  all  together.  The  rods  of 
which  the  tracks  are  formed  are  about  three  feet  long.  The 
cycloid  track  is  made  first,  the  others  being  cut  off  to  match. 
A  method  of  laying  out  the  cycloid  curve  is  shown  in  Fig. 
28.  At  the  end  of  the  base  line,  A  D,  draw  the  line,  C  D, 
perpendicular  to  A  D.  Describe  a  generating  semicircle 
(in  this  case  of  nine  inch  radius)  tangent  to  A  D,  at  D. 
Through  its  center  draw  the  line,  E  C,  parallel  to  the  base 
line.  Divide  the  semicircle  into  any  number  of  equal  parts 
— six  for  example — and  lay  off  on  A  D  and  E  C  distances 
equal  to  the  radius  C  D  x  3'Hi6,  and  divide  A  D  and  E  C 
into  six  equal  parts,  C  i',  i',  2',  etc.,  equal  to  the  divi- 
sions of  the  semicircle;  draw  chords,  D  i',  D  2',  etc. 
From  points  i',  2',  3',  etc.,  on  the  line,  C  E,  with  radii 
equal   to  that   of   the  generating  semicircle,  describe  arcs. 
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From  points  i',  2',  3',  4',  5',  on  the  line,  D  A,  and  with  radii 
equal  successively  to  the  chords,  D  i,  D  2,  D  3,  D  4,  D  5, 
describe  arcs  cutting  the  preceding,  and  the  intersections 
will  be  the  points  of  the  curve  required.  Through  these 
points  the  curve  is  drawn,  and  the  wires  for  the  cycloid  track 
are  bent  so  as  to  conform  to  this  curve.  The  track,  when 
completed,  must  sustain  the  same  relation  to  a  horizontal 
line,  as  the  curve  in  the  diagram  sustains  to  the  base  line, 
AD. 

Another  method  of  describing  a  cycloid  is  to  iix  a  pencil 
in  the  edge  of  a  disk  and  roll  the  disk  on  a  level  surface, 
without  slipping,  with  a  pencil  in  contact  with  a  smooth  board 


Fig.  28. 
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or  a  piece  of  paper,  the  curve  being  started  with  the  pencil 
at  the  lowest  point  or  in  contact  with  the  base  line. 

A  ball  is  supported  at  the  upper  end  of  each  track  by  the 
cranked  wire,  and  when  the  three  balls  are  liberated  simul- 
taneously by  quickly  turning  up  the  cranked  wire,  it  will  be 
found  that  the  ball  on  the  cycloid  reaches  the  point  of  stop- 
ping first,  the  ball  on  the  circular  curve  coming  next,  the  ball 
on  the  inclined  plane  being  slowest  of  all. 

If  two  cycloidal  tracks  be  placed  side  by  side,  it  will  be 
found  by  trial  that  a  ball  started  from  the  middle  or  at  any 
point  between  the  ends  of  one  of  the  tracks  will  reach  the 
point  of  stopping  no  sooner  than  the  ball  started  at  the  top 
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of  the  other  track.  In  fact,  if  the  tracks  are  accurately 
made,  both  balls,  if  started  simultaneousl3%  will  reach  the 
bottom  at  the  same  time. 

DROPPED    AND     PROJECTED     BALLS. 

Although  there  is  no  shorter  or  quicker  route  for  the  de- 
scent of  a  faUing  body  than  that  of  a  plumb  line,  it  has  been 
shown  that  a  body  projected  horizontally  with  whatever 
force,  and  describing  a  long  trajectory,  will  reach  the  earth 
in  exactly  the  same  time  as  another  similar  body  simply  drop- 
ped from  the  same  height.  There  are  many  simple  and  in- 
genious devices  for  demonstrating  this  fact.  If  the  experi- 
ment could  be  brought  within  convenient  compass  for  ob- 
servation, nothing  would  be  better  for  the  purpose  than  an 
ordinary  gun,  with  powder  as  the  propelling  power,  but  this 
is  of  course  out  of  the  question.  It  is  therefore  necessary 
to  resort  to  apparatus  which  may  be  used  in  an  ordinary 
room,  so  that  both  projected  and  falling  ball  may  be  seen 
and  heard.  The  apparatus  is  still  a  gun,  but  a  very  harm- 
less and  inexpensive  one.  It  is  a  modified  "  Quaker  gun," 
a  well  known  toy  used  for  shooting  marbles. 

Fig.  29  is  a  perspective  view  of  the  gun,  showing  it  im- 
mediately after  its  discharge,  and  Fig.  30  is  a  longitudinal 
section  showing  the  gun  ready  to  be  discharged.  The  gun 
consists  of  a  wooden  barrel  chambered  at  the  muzzle  to  re- 
ceive the  marble  and  provided  with  a  rod  attached  to  the 
breech  piece,  extending  into  the  barrel  and  arranged  to  be 
propelled  forward  by  a  strong  elastic  rubber  cord  stretched 
over  the  breech  piece,  with  its  ends  nailed  to  the  sides  of  the 
gun  barrel. 

Two  changes  only  are  required  to  adapt  the  gun  to  scien- 
tific use.  First,  the  notching  of  the  rod  passing  through 
the  barrel  and  the  application  of  the  trigger,  D,  for  engag- 
ing the  notches,  and  second,  the  support  f(_)r  the  falling  ball 
at  the  muzzle  of  the  gun.  The  trigger,  D,  is  merely  a  strip 
of  sheet  metal  pivoted  to  the  end  of  the  barrel  by  an  ordi- 
nary screw.  In  the  muzzle  of  the  gun  at  the  under  side  is 
formed  a  slot,  A,  and  in  the  end  of  the  gun  on  opposite 
sides  of  the  slot  are  inserted  eyes,  B.     In  these  eyes  is  jour- 
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naled  a  wire  support,  C,  which  holds  the  ball  to  be  dropped, 
at  one  side  of  the  muzzle  and  out  of  the  path  of  the  pro- 
jected ball.  The  wire  support,  C,  forms  a  lever,  one  end  of 
which  projects  into  slot  in  the  barrel  and  is  held  by  the  ball 
in  the  muzzle.  When  the  rod  in  the  barrel  is  liberated  by 
pulling  the  trigger,  D,  the  ball  in  the  muzzle  is  projected, 
thereby  releasing  the  wire  support,  which  immediately  turns 
and  allows  the  other  ball  to  drop.  It  will  be  noticed  that 
both  balls  reach  the  floor  at  exactly  the  same  time,  without 
regard  to  the  amount  of  force  applied  to  the  projected  ball. 

Fig.  30, 


Longitudinal  Section  of  Gun, 
Fig.  29. 


Dropped  and  Projected  Balls. 


The  falling  ball  is  impelled  by  the  force  of  gravity 
only.  The  projected  ball  is  acted  upon  bj'  two  independent 
forces — the  force  of  gravity,  which  draws  it  toward  the 
earth,  and  the  projecting  force,  which  tends  to  move  it  in 
a  horizontal  line.  The  projecting  force  is  concerned  only 
in  carrying  the  ball  horizontally  forward,  and  does  not  in 
any  way  interfere  with  the  action  of  gravity,  but  gravity 
brings  the  ball  gradually  nearer  the  earth,  until  it  finally 
strikes,  the  force  with  which  it  strikes  being  the  resultant 
of  the  two  forces  acting  upon  it. 
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THE     PENDULUM. 

A  simple  pendulum,  which  is  a  purely  theoretical  thing, 
is  definecl  as  a  heavy  particle  suspended  by  a  thread  having 
no  weight.  The  nearest  possible  approach  to  a  simple  pen- 
dulum is  a  heavy  body  suspended  by  a  slender  thread,  as 
shown  at  A  in  Fig.  31,  and  although  this  is  known  as  a  com- 
pound or  physical  pendulum,  its  action  corresponds  very 
nearly  with  that  of  the  simple  pendulum.     In  the  present 

Fig.  31. 


Oscillating  and  Conical  Pendulums. 

case  the  pendulum  consists  of  a  heavy  bullet  or  lead  ball 
suspended  by  a  iine  silk  thread.  This  pendulum,  to  beat 
seconds  in  the  latitude  of  New  York,  must  be  39-1012  inches 
long.  That  is  the  distance  between  the  point  of  suspension 
and  the  center  of  oscillation  of  the  weight.  This  length  varies 
in  different  places;  e.  g.,  at  Hammerfest,  in  Norway,  it  is 
39-1948,  and  at  St.  Thomas,  one  of  the  West  India  islands, 
39-0207. 

A  seconds  pendulum  is  one  that  requires  one  second  for 
a   single  swing,  or  two  seconds  for  a  complete  to-and-fro 
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excursion.  The  distance  through  which  the  suspended 
weight  travels  in  one  swing  is  the  amplitude  of  the  pendu- 
lum. Galileo's  discovery  of  the  law  of  the  pendulum  in  1582 
is  a  matter  of  common  knowledge.  He  observed  the  regu- 
larity of  the  swinging  of  a  lamp  suspended  from  the  roof 


Fig.  32. 


of  the  cathedral  of  Pisa,  and 
noticed  that,  whetever  the  arc 
of  vibration,  the  time  of  vibra- 
tion remained  the  same.  He 
also  determined  the  law  of  the 
lengths  of  pendulums  b)^  ex- 
periment. He  found  that,  as 
the  length  of  the  pendulum 
increased,  the  time  of  vibra- 
tion increased,  not  in  propor- 
tion to  the  length,  but  in  pro- 
portion to  its  square  root. 
For  example,  while  in  New 
York  it  requires  a  pendulum 
39-I0I2  inches  long  to  beat 
seconds,  the  length  for  two 
seconds  would  be  156-4048  in. 
The  length  of  a  pendulum  for 
an)'  required  time  is  found  by 
multiplying  the  length  of  a 
seconds  pendulum  in  inches 
by  the  square  of  the  time  the 
pendulum  is  to  measure.  In 
the  above  example,  39'ioi2 
inches  is  the  length  of  the 
seconds  pendulum.  Two  sec- 
onds is  the  time  to  be  meas- 
ured. 2^  ^  4.  Therefore 
39-1012  X  4  ^  156-4048,  the 
length  of  the  two  seconds  pendulum.  It  is  found  that,  barring 
the  resistance  of  the  air,  all  materials  act. alike  when  used 
for  the  weight  of  a  pendulum.  This  is  one  proof  of  the 
uniformity  of  the  action  of  gravitation  on  all  substances. 
In  Fig.  31,  at  B,  is  shown  a  conical  pendulum.     It  differs 
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from  the  pendulum  A  only  in  the  manner  in  which  it  is 
used ;  whereas  the  pendulum  A  is  made  to  swing  to  and  fro 
in  a  vertical  plane,  the  pendulum  B  is  started  in  a  circle, 
as  indicated  by  the  dotted  line.  It  is  found  by  comparison 
that  the  pendulum  B  completes  its  circular  travel  in  the 
same   time    that    pendulum  yig.  33. 

A  requires  to  complete  one 
to-and-fro  vibration.  The 
conical  pendulum  derives 
its  name  from  the  figure  it 
cuts  in  the  air. 

The  pendulum  has  been 
used  to  determine  the  figure 
of  the  earth,  also  to  show 
the  earth's  rotation.  Fou- 
cault's  celebrated  experi- 
ment at  the  Pantheon  at 
Paris  consisted  in  vibrating 
a  pendulum  having  a  period 
of  several  seconds  over  the 
face  of  a  horizontal  scale. 
While  the  pendulum  pre- 
served the  plane  of  its  oscil- 
lation, the  scale  indicated  a 
slow  rotation.  This  experi- 
ment may  be  repeated  easily 
on  a  small  scale  in  the  man- 
ner illustrated  in  Fig.  32. 
The  ball,  which  must  be 
a  heavy  one,  is  suspend- 
ed by  a  very  fine  wire  of 
considerable  length,  say 
from  forty  to  fifty  feet.  .It 
must  be  started  very  care- 
fully to  secure  the  desired  result.  To  start  it,  a  fine  wire  is 
tied  around  the  equator  of  the  ball.  To  this  wire  is  attached 
a  stout  thread,  by  means  of  which  the  ball  is  drawn  one  side 
and  held  there  until  the  pendulum  is  perfectly  quiescent. 
The   pendulum   is   then   released   by   burning   the   thread. 


Pendulum   with   Audible  Beats. 
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In  the   course 
a  slis 

that    of    the 
vibration  remains 


change 


Fig. 


of   a  few  minutes  there  will  appear  to   be 

of  its  plane  of  vibration.     The  case  is  like 

gyroscope   already  described.     The   plane  of 

really  constant,  but  the  rotation  of  the 

earth  causes  an  apparent  twisting 

of  the  plane.     If  the  experiment  be 

performed    in    the    United   States, 

and  the  plane  of  vibration  be  north 

and    south    at    first,    the    northern 

limit  will  soon  swing  toward    the 

right,  as  viewed  from  the  south. 

A  pendulum  capable  of  produc- 
ing audible  beats  is  often  desirable. 
Fig-  33  shows  a  simple,  well  known 
arrangement  for  producing  audible 
beats  by  the  aid  of  a  telegraph 
sounder.  The  ball,  in  this  case,  is 
suspended  by  a  fine  wire.  The 
under  side  of  the  ball  is  provided 
with  a  platinum  point.  A  mercury 
globule  is  held  by  an  iron  cup  in 
the  path  of  the  platinum  point,  and 
the  pendulum,  mercury,  and  sound- 
er are  in  the  battery  circuit.  By 
this  arrangement  an  electrical  con- 
tact is  made  for  each  swing  of  the 
pendulum,  and  the  sounder  is  made 
to  click  each  time  the  circuit  is 
closed. 

By  means  of  Kater's  reversible 
pendulum,  the  length  of  a  simple 
pendulum  having  the  same  time  of 
oscillation  as  the  compound  pen- 
:^:'  dulum  ma}'  be  accurately  deter- 
mined. 

In  Fig.  34  is  shown  a  slightly 
modified  form  of  this  pendulum,  in  which  the  rod  is  formed 
of  two  parallel  bars  of  wood,  separated  by  blocks  at  the 
ends  and  provided  with  two  swiveled  cylindric  rings,  be- 
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tween  which  are  placed  two  adjustable  lead  weights,  held  in 
place  by  crossbars  secured  to  the  weights  by  screws,  and 
extending  over  the  edges  of  the  wooden  bars.  Below  the 
lower  swiveled  ring  are  clamped  lead  weights,  one  upon 
either  side  of  the  bar,  with  a  screw  extending  through  one 
weight  into  the  other.  These  weights  are  cheaply  made  by 
casting  lead  in  small  blacking  box  covers. 

This  pendulum  is  suspended  upon  a  knife  edge  project- 
ing from  a  suitable  support,  and  the  weights  between  the 
bars  are  adjusted  until  the  time  of  vibration  is  the  same  for 
either  position  of  the  pendulum,  it  being  reversed  and  oscil- 
lated first  upon  one  of  its  rings  as  a  center,  then  upon  the 
other,  until  the  desired  adjustment  is  secured.  Then  the 
distance  between  the  bearing  surfaces  of  the.  rings  will  be 
the  length  of  a  simple  pendulum  which  would  vibrate  in 
the  same  time  as  the  compound  pendulum. 

MEASUREMENT    OF   TIME    BY    THE    PENDULUM. 

The  application  of  the  pendulum  to  the  measurement  of 
time  dates  from  1658.  In  that  year  Huyghens  applied  it  to 
clocks.  Singularly  enough,  this  has  proved  to  be  the  onlj^ 
practical  use  of  any  importance  to  which  the  pendulum 
could  be  adapted.  The  fact  that  millions  of  clocks  have 
been  made  which  depend  on  the  pendulum  for  regulation 
proves  the  great  value  of  Huyghens'  invention. 

A  simple  model,  showing  the  application  of  the  pendu- 
lum to  clocks,  is  illustrated  in  Fig.  35.  It  is  readily  made, 
and  serves  to  show  how  the  pendulum  acts  in  the  regula- 
tion of  a  clock,  and  is  useful  for  measuring  seconds  in 
experimental  work.  The  frame  is  made  entirely  of  hard 
wood.  The  three  parallel  plates  are  connected  by  wooden 
studs.  The  wooden  arbor  of  the  scape  wheel  is  provided 
with  steel  wire  pivots,  the  outer  one  being  prolonged 
beyond  the  front  plate  to  receive  the  second  hand.  The 
scape  wheel  consists  of  a  disk  of  wood  about  three  inches 
in  diameter,  provided  with  a  circular  row  of  steel  pins,  uni- 
formly spaced  and  projecting  from  the  face  of  the  disk  par- 
allel with  the  arbor.  With  a  disk  of  the  size  given  thirty  pins 
will  be  sufficient,  with  a  larger  disk  sixty  pins  may  be  used. 
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Above  the  scape  wheel  arbor  there  is  a  wooden  roller 
furnished  with  steel  wire  pivots.  In  the  roller  is  inserted  a 
steel  wire  forming  the  escapement  or  crutch,  the  ends  of 
the  wire  being  bent  inward  to  form  pallets  which  engage 
the  scape  wheel  pins  in  alternation.  The  rubbing  surfaces  of 
the  pallets  are  flattened  and  polished  and  the  ends  are  bev- 
eled.    In  the  roller  is  inserted  a  wire  which  extends  down- 
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ward  obliquely  through  a  hole  in  the  middle  plate,  and  is 
finally  bent  into  an  oblong  loop  extending  rearward.  In  a 
spHt  stud  in  the  back  piece  is  inserted  the  flattened  upper 
end  of  the  pendulum  rod.  A  small  rivet  passes  through 
the  upper  extremity  of  the  rod.  and  prevents  it  from  slip- 
ping through  the  split  stud.     The  rod   passes  through  the 


FALLING    BODIES— INCLINED    PLANE — THE    PENDULUM.     5  I 

oblong  loop  above  referred  to,  and  is  provided  on  its  lower 
end  with  an  adjustable  weight  of  i^}  to  2  pounds. 

The  scape  wheel  arbor  is  provided  with  a  circumferen- 
tial V-shaped  groove  forming  a  very  small  pulley  for  receiv- 
ing the  driving  cord.  Upon  the  middle  plate  above  the 
arbor  is  fixed  a  circular  block  having  a  deep  V-shaped  cir- 
cumferential groove  for  receiving  and  holding  the  endless 
driving  cord,  which  passes  round  the  arbor  and  grooved 
block  as  shown,  and  also  passes  around  the  pulley  block 
attached  to  the  weight.  It  is  necessary  to  have  the  V- 
shaped  grooves  ver3r  deep  and  verjr  narrow  to  enable  them 
to  pinch  the  driving  cord.  I'o  insure  uniformity  in  the 
action  of  the  cord  and  weight,  it  is  advisable  to  place  in  the 
second  loop  of  the  cord  a  pulley  and  connect  with  it  a  very 
light  weight.  When  the  driving  weight  has  nearly  run 
down,  the  cord  may  be  pulled  upward  over  the  grooved 
block  and  fastened.  The  pendulum  rod  is  made  very  thin 
and  flexible  at  the  upper  end  by  hammering.  The  rod  is 
made  of  wire  of  sufficient  diameter  to  prevent  springing  by 
the  action  of  the  escapement,  and  the  pendulum  bob  is 
adjustable.  The  distance  between  the  center  of  the  bob 
and  the  split  stud  is  39T012  inches. 

The  motion  of  the  pendulum  is  a  result  of  the  down- 
ward pull  of  gravity  and  the  restraint  of  the  pendulum 
rod.  It  is  forced  by  gravity  to  move  until  the  lowest 
point  of  its  arc  is  reached,  when  the  momentum  acquired 
carries  it  forward  and  upward,  in  opposition  to  the  earth's 
attraction,  until  its  momentum  is  overcome  by  gravity, 
when  it  stops  and  is  again  drawn  down  by  gravity,  causing 
it  to  return  to  the  lowest  part  of  its  arc  and  repeat  the 
movement  just  described,  but  in  the  opposite  direction. 
But  for  friction  of  the  air  and  of  its  parts,  the  pendulum 
would  swing  on  indefinitely  without  the  propeUing  power. 

The  isochronism  of  the  pendulum  is  perfect  only  when 
its  amplitude  of  vibration  remains  the  same,  or  when  it  is 
arranged  to  move  in  a  cycloidal  path.  It  is  impossible  to 
maintain  constantl}'^  the  same  amplitude  of  vibration,  and  it 
is  difficult  to  cause  the  pendulum  to  describe  a  true  cycloid. 
A  very   close  approximation  to  isochronism  is  secured  by 
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suspending  the  pendulum  by  means  of  a  flat  spring  as  above 
described  and  by  limiting  its  swing  to  a  very  small  arc. 

The  motion  of  a  cycloid  pendulum  is  very  well  illus- 
trated by  the  cycloidal  track  and  the  ball  shown  in  Fig.  36. 
The  track  is  formed  of  steel  bars  smoothly  finished,  and  the 
ball  is  of  steel,  hardened,  ground,  and  polished,  one  of  the 
kind  used  for  ball  bearings. 

The  period  of  oscillation  of  the  ball  rolling  on  the  cycloid 
track  is  the  same  for  all  amplitudes.  This  may  be  readily 
proved  by  comparing  two  like  instruments  with  the  balls 
oscillating  at  different  amplitudes. 

A  torsion  pendulum  is  one  that  depends  for  its  action 
upon  the  twisting  and  untwisting  of  an  elastic  suspension. 
The  simplest  pendulum  of  this  class  is  the  toy  known  as  the 

Fig.  36. 
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Cycloid  Curve. 

return  ball.  It  consists  of  a  wooden  ball  attached  to  the  end 
of  an  elastic  rubber  cord.  By  grasping  the  free  end  of  the 
cord  and  swinging  the  ball  so  as  to  cause  it  to  roll  in  a  cir- 
cular path  on  the  floor,  the  cord  will  be  rapidly  twisted. 
If,  after  twisting,  the  cord  be  fastened  to  a  support,  as  shown 
in  Fig.  37,  it  will  be  found  that  the  ball  will  rotate  rapidly 
by  the  untwisting  of  the  cord.  The  momentum  of  the  ball 
acquired  during  the  untwisting  will  again  twist  the  cord, 
but  in  the  opposite  direction.  This  pendulum  will  run  more 
than  an  hour  with  a  single  winding.  The  period  of  such  a 
pendulum,  taken  at  random  from  a  pile  of  return  balls,  was 
i-^-  minutes,  the  rubber  cord  when  not  extended  being  about 
a  foot  long. 

By  means  of  apparatus  similar  to  that  shown  in  Fig.  38, 
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Fig.  37. 


Coulomb  determined  the  laws  of  the  torsion  of  wires.  The 
wire  by  which  the  weight  is  suspended  is  firmly  secured  to 
the  hook,  and  the  weight  is  provided  with  an  index.  The 
angle  through  which  the  index  is  turned  from  the  position 
of  rest  is  the  angle  of  torsion.  After  turning  the  weight 
and  releasing  it,  the  elasticity  of  the  wire  returns  it  to  the 
point  of  rest  and  the  momen- 
tum of  the  weight  carries  it 
forward,  twisting  the  wire  in 
the  opposite  direction,  until 
the  weight  reaches  a  point 
where  the  momentum  of  the 
weight  is  overbalanced  by  the 
resistance  of  the  wire,  when 
the  wire  again  untwists,  turn- 
ing the  weight  in  the  opposite 
direction.  These  oscillations 
continue  until  the  force  origin- 
ally applied  is  exhausted  in 
friction.  The  oscillations 
within  certain  limits  are  very 
nearly  equal. 

A  torsion  pendulum,  with 
a  bifilar  suspension,  is  shown 
in  Fig.  39.  The  wheel  is 
formed  of  a  disk  of  metal, 
with  a  series  of  split  lead  balls 
pinched  down  upon  its  edge. 
The  wheel  weighs  ItV  pounds. 
Its  diameter  is  four  inches. 
It  has  a  double  loop  at  the 
center  for  receiving  the  paral- 
lel   suspending    wires,    which 

are  f  inch  apart  and  S  feet  long.  No.  30  spring  brass  wire 
was  used  in  this  experiment.  The  period  of  the  pendulum 
was  five  minutes. 

The  torsion  pendulum  has  been  successfully  applied  to 
clocks.  Either  of  two  results  may  be  secured  by  its  use. 
The  time  of  running  may  be  prolonged  in  proportion  as  the 
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period  of  the  torsion  pendulum  is  longer  than  that  of  an 
oscillating  one,  or  the  number  of  gear  wheels  required  in 
the  clock  may  be  greatly  reduced.  Ordinary  clocks  con- 
structed on  this  principle  run  a  year  with  a  single  winding. 
Clocks  have  been  made  on  this  plan  which  would  run  for 
one  hundred  years. 

In  the  same  year  that  Huyghens  applied  the  oscillating 
pendulum  to  the  clock,  Hooke  applied  the  spiral  spring  to 
the  watch  balance,  thereby  causing  it  to  act  as  a  pendulum. 

Fig.  38. 


Torsion  Pendulum. 


The  Balance. 


The  principle  of  Hooke's  invention  is  illustrated  by  Fig.  40. 
The  apparatus  here  shown  has  a  vibratory  period  of  one 
second.  The  staff  rests  at  the  bottom  in  a  small  porcelain 
saucer  and  turns  at  the  top  in  a  wire  loop  secured  to  the 
base  board.  The  disk  on  the  staff  is  loaded  at  its  periphery 
with  lead  balls.  A  large  watch  main  spring  or  music-box 
spring  is  attached  to  the  staff  and  to  a  fixed  standard.  The 
oscillation  may  be  quickened  by  using  a  stiffer  spring  or  by 
removing  some  of  the  balls. 
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In  Fig.  41  is  represented  a  model  of  a  pendulum  of  recent 
invention  which  has  been  applied  to  clocks  with  some  suc- 
cess. 

Two  cross  bars  are  supported  from  the  base  by  two 
wires.  In  the  lower  cross  bar  and  in  the  base  is  journaled 
a  wire  having  a  hook  at  the  upper  end.  This  vertical  wire 
carries  a  curved  arm,  to  which  is  attached  a  thread  having 
at  its  extremity  a 
small  weight,  such 
as  a  button.  The 
propelling  power  in 
this  model  consists 
of  an  elastic  rubber 
band  placed  on  the 
hook  on  the  vertical 
rod,  and  received  in 
a  hook  on  the  little 
crank  shaft  in  the 
upper  bar.  The 
rubber  band  is  twist- 
ed by  turning  the 
crank,  and  the  crank 
is  prevented  from 
retrograde  move- 
ment by  the  wire 
catch  at  the  side  of 
the  bar. 


Flying  Pendulum. 


As  the  arm  is  carried  around  by  the  power  stored  in  the 
rubber  band,  the  weight  on  the  thread  is  thrown  outward 
by  centrifugal  force.  When  it  reaches  one  of  the  side  rods, 
it  wraps  the  thread  several  times  around  the  rod,  thus  hold- 
ing the  arm  until  the  thread  is  unwound  by  the  action  of 
the  weight,  when  the  arm  describes  another  half  revolution 
and  the  operation  just  described  is  repeated. 
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CHAPTER  V. 


MOLECULAR     ACTIONS. 

Cohesion  and  adhesion  are  forces  which  hold  together 
molecules  or  ultimate  particles.  Cohesion  unites  molecules 
of  the  same  nature.  It  is  exerted  strongl}'  in  solids,  to  a 
less  degree  in  liquids,  and  very  little  in  gases. 

Heat    causes  the  mutual    repulsion  of    molecules,  and 

thus  diminishes  the  force 
of  cohesion.  Solids,  when 
strongl}^  heated,  expand, 
liquefy,  and  finally  pass  into 
a  gaseous  state,  if  not  chemi- 
cally changed  at  the  tem- 
perature reached,  e.  g., 
wood,  leather,  etc.  The 
tenacity,  hardness,  and  duc- 
tilit}-  of  bodies  is  due  to 
cohesion. 

The  force  of  cohesion  in 
liquids  may  be  demonstrat- 
ed by  suspending  a  disk  by 
a  delicate  filament  of  elas- 
tic rubber,  noting  the  ex- 
tension of  the  rubber,  then 
placing  the  disk  in  contact 
with  a  body  of  water,  as 
shown  in  Fig.  42,  finally 
drawing  upon  the  rubber 
until  the  disk  separates  from  the  water.  It  is  found  that  a 
considerable  extension  of  the  rubber  is  required  to  detach 
the  disk.  By  a  more  delicate  experiment,  in  which  the  disk 
is  suspended  from  a  scale  beam,  the  force  of  cohesion  may 
be  accurately  measured.     It  is  found  by  this  experiment  that 
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the  material  of  the  disk  has  no  influence  on  the  result,  but 
that  the  weight  required  to  detach  the  disk  varies  with  the 
nature  of  the  liquid.  The  fact  that  the  disk  retains  a  film 
of  water  after  separation  from  the  body  of  water  shows 
that  the  force  of  cohesion  of  the  water  is  less  than  the  force 
of  its  adhesion  to  the  disk. 

In  solids  cohesion  is  often  manifested  in  different  degrees 
in  different  parts  of  the  same  body.  The  body  is  then  un- 
der strain.  Examples  of  bodies  in  this  condition  are  to 
be  found  among  iron  castings  and  in  unannealed  glass  ware. 

Prince  Rupert's  drops,  or  Dutch  tears,  show  in  a  striking 
manner  how  a  body  under  sufficient  internal  strain  may  con- 
tain within  itself  the  elements  of  destruction.  These  drops 
have  a  long,  oval  form,  tapering  at  one  end  to  a  point, 
which  is  more  or  less  curved.  They 
are  made  by  dropping  melted  glass  into  ^^^'  '^^' 

water,  thus  suddenly  cooling  the  glass 
and  putting  it  under  great  strain. 

The  larger  part  of  the  drop  may  be 
struck  with  a  hammer  without  break- 
ing ;  but  on  breaking  off  the  point,  thus 
relieving  the  strain  at  one  place,  the 
glass    instantly    flies    into    pieces.       So 

complete     is    the     destruction,     that    the     Prince  Rupert's  Drops. 

fragments  are  often  Hke  fine  sand. 

The  Bologna  flask  is  of  the  same  nature  as  the  Prince 
Rupert's  drops.  It  is  an  unannealed  glass  flask,  having  a 
very  thick  bottom,  which  is  under  great  strain.  The  flask 
will  receive  a  hard  blow  without  breaking,  and  a  lead  bullet 
may  be  dropped  into  it  without  producing  any  effect,  but 
on  dropping  into  it  a  quartz  crystal,  or  in  some  other  way 
slightly  scratching  the  inner  surface  of  the  flask  at  the  bot- 
tom, the  flask  at  once  goes  to  pieces.  The  action  may  be 
compared  to  the  destructifm  of  a  superstructure  of  masonry 
by  weakening  or  destroying  the  keystone  of  the  arch  which 

supports  it. 

A  common  example  of  action  of  this  kind  is  met  with  in 
lamp  chimneys,  which  break  without  any  apparent  cause. 
Engineers  often    find  glass   water-gauge  tubes  which   will 


58 


EXPERIMENTAL    SCIENXE. 


readily  stand  steam  pressure,  but  which,  when  scratched 
even  imperceptibly  on  the  inner  surfaces,  will  break. 

Adhesion  is  the  term  applied  to  the  attraction  between 
the  surfaces  of  two  bodies.  In  the  experiment  illustrated 
by  Fig.  42  the  water  adheres  to  the  disk,  and  the  force  of  ad- 
hesion in  this  case  is  superior  to  the  force  of  cohesion  as 
manifested  by  the  molecules  of  the  water.  If  the  moisten- 
ing of  the  disk  by  the  water  is  prevented  by  lycopodium  dis- 
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tributed  on  the  surface  of  the  water,  there  can  be  no  adhe- 
sion. 

Two  pieces  of  plate  glass  pressed  firmly  together  adhere 
strongly.  This  experiment  succeeds  in  a  vacuum,  showing 
that  atmospheric  pressure  plays  no  part  in  holding  the 
glasses  in  contact. 

In  the  arts,  examples  of  adhesion  are  found  in  glues, 
cements,  and  solders. 
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SURFACE     TENSION. 

The  surface  tension  of  liquids  is  manifested  in  various 
ways,  notably  in  the  formation  of  drops,  as  in  rain,  each  drop 
becoming  a  perfect  sphere  Water  sprinkled  upon  a  sur- 
face it  does  not  wet,  for  example,  a  dusty  surface,  or  upon 
a  surface  covered 
with  lycopodium, 
assumes  spheroidal 
forms,  as    shown   in 

Fig.  45- 

A  pretty  illustra- 
tion of  cohesion  and 
surface  tension  is 
shown  in  Fig.  46.    A 


Surface  Tension  exhibited  in  Water  Drops. 


few  drops  of  olive  oil  are  placed   in  a  suitable   vessel,  and 
into  the   vessel  is    carefully  poured   a    mixture    of  alcohol 
and  water  having  the  same  specific  gravity  as  the  oil.     The 
Fig.  46.  oil  will  be  detached   from  the   bottom  of 

the  vessel,  and  will,  in  consequence  of  the 
cohesion  of  its  particles,  assume  a  spheri- 
cal form.  Another  method  of  performing 
this  experiment  is  to  introduce  the  oil  into 
the  center  of  the  body  of  dilute  alcohol 
by  means  of  a  pipette.  By  careful  mani- 
pulation a  large  globule  of  oil  may  be 
introduced  in  this  way. 

Liquids  in  large  masses  assume  the 
form  of  the  vessel  in  which  they  are  con- 
tained, in  consequence  of  the  superior 
force  of  gravity. 

From  what  has  been  said,  as  well  as 
from  what  follows,  it  will  be  seen  that 
liquids  act  as  though  they  were  inclosed 
in  a  tense  superficial  film.  A  glass  tube 
pressed  endwise  into  a  body  of  mercury 
(Fig.  47)  produces  a  deep  depression  before  breaking  the 
surface  of  the  liquid.  When  a  glass  tube  is  presented  in  a 
similar  way  to  the  surface  of  water  (Fig.  48),  the  effect  is 
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reversed,  the  water  attaching  itself  to  the  surface  of  the 
glass  with  such  force  as  to  spread  and  lift  the  water  in  the 
immediate  vicinit}'  of  the  wall  of  the  tube.  In  tubes  of 
large  diameter,  the  height  to  which  water  is  lifted  is  slight, 
but  in  capillary  tubes  the  height  is  considerable. 

Fig.  49  shows  the  effect  of  the  size  of  the  tube  on  the 
height  to  which  the  liquid  is  raised  by  capillarity.  The 
smaller  the  area  of  the  upper  end  of  the  liquid  column,  the 
greater  the  concavity,  and,  as  a  consequence,  the  greater  the 
strength  of  the  surface  film  in  comparison  with  the  weight 
of  the  column  raised. 

When  two  glass  plates  are  arranged  at  a  slight  angle 
with  reference  to  each  other,  with  their  edges  in  contact,  as 
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shown  in  Fig.  50,  the  liquid  exhibits  the  phenomenon  shown 
by  the  tubes  of  different  diameter,  but  to  a  less  degree,  owing 
to  the  contact  of  the  edge  of  the  surface  film  of  the  liquid 
with  proportionately  a  smaller  surface.  When  two  glass 
plates  are  presented  in  a  similar  manner  to  the  surface 
of  a  liquid  which  does  not  wet  them,  such  as  mercury  or 
water  covered  with  lycopodium,  the  effect  is  the  opposite 
of  that  just  described  (Fig.  51).  Capillary  elevation  and  de- 
pression are  more  clearly  shown  by  the  experiment  illus- 
trated in  Fig.  52.  Two  Yt  inch  glass  tubes  terminating  in 
capillary  tubes  are  bent  into  U  shape  and  mounted  upon 
a  support.  Into  the  larger  end  of  one  of  the  tubes  is 
poured  mercury,  which  flows  into  the  smaller  branch,  but 
does  not  reach  the  level  of  the  mercury  in  the  larger  branch. 
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The  upper  surface  of  the  mercury  in  each  branch  of  the 
tube  is  convex.  When  water  is  poured  into  the  larger 
branch  of  the  other  tube,  it  rises  in  the  capillary  tube  above 
its  source,  and  its  upper  surface  in 
each  branch  is  concave. 

A  curious  example  of  the  effect 
of  surface  tension  is  shown  in  Fig. 
53.  The  smaller  end  of  a  tapering 
tube  is  plunged  several  times  into 
a  vessel  of  water  and  withdrawn. 
Whenever  it  is  drawn  out  of  the 
water,  the  contraction  of  the  water 
drop  adhering  to  the  lower  end 
of  the  tapering  tube  forces  the 
column  higher  within  the  tube,  un- 
til at  length  a  point  is  reached 
when  equilibrium  is  established, 
the  contractile  force  of  the  drop 
being  balanced  by  the  weight  of  _-.,,^^ 
the  column  of  water  contained  by 
the  tube  and  by  the  upward  pull  of  the  film  at  the  upper 
surface  of  the  water. 

In  Figs.  54  and    55  are  illustrated   experiments  showing 
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the  force  of  capillary  attraction 
and  adhesion.  In  Fig.  54  is 
shown  a  f  inch  tube  open  at  one 
end  and  terminating  in  a  capillary 
tubulure  at  the  other  end.  By 
allowing  the  tube  to  sink  for  two 
or  three  inches  in  water,  with  the 
larger  end  downward,  then  plac- 
ing a  minute  drop  of  water  in  the 
capillary  end  of  the  tube,  the 
tube  may  be  raised  two  or  three 
inches,  carrying  with  it  the  col- 
umn of  water  contained  by  it. 
If  the  capillary  end  of  the  tube 
be  closed  by  a  small  drop  of  water,  and  the  larger  end  be 
plunged  into    water,  as  in   Fig.  55,  air  will  be  retained  in 
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the  tube,  and,  as  a  consequence,  the  water  cannot  enter. 
An  experiment  showing  a  phase  of  capillarity  is  illus- 
trated by  Fig.  56.  This  experiment  was  originally  intended 
for  illustrating  upon  the  screen  tapestr)'  and  other  designs 
formed  of  small  squares,  in  colors  ;  but  it  has  another  prac- 
FiG.  51.  tical  application,  which  is  capable 

of  considerable  expansion.  For 
projection,  a  piece  of  brass  wire 
cloth,  of  any  desired  mesh,  say  from 
12  to  20  to  the  inch,  is  mounted  in 
a  metallic  frame  to  adapt  it  to  the 
slide  holder  of  the  lantern,  and  the 
wire  cloth  is  coated  lightly  with 
lacquer  and  allowed  to  dry. 

The  slide  thus  prepared  is 
placed  in  the  lantern  and  focused. 
The  required  design  may  now  be 
traced  by  means  of  a  small  camel's 
hair  brush,  colored  inks  or  aqueous  solutions  of  aniline  dyes 
being  used.  The  small  squares  of  the  wire  cloth  are  filled 
with  the  colored  liquid,  and  show  as  colored  squares  upon 
the  screen.     Different  colors  may  be  placed  in  juxtaposition 

Fig,  52.  Fig.   53. 


Capillaiy  Elevation  and  Depression. 


Effect  of  Surface  Tension. 
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without  liability  to  mixing,  and  a  design  traced  without 
special  care  will  appear  regular,  as  the  rectangular  aper- 
tures of  the   wire   cloth  control  the  different  parts  of  the 


design. 


Fig.  54. 
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The  colored  liquid  squares  are  retained  in  the  meshes  ot 
the  wire  cloth  by  capillarity.  A  damp  sponge  will  remove 
the  color,  so  that  the  experiment  may  be  repeated  as  often 

Fig.  56. 
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Method  of  Producing:  Designs  on  Wire  Cloth. 

as  desired.  In  this  experiment  the  colored  squares  have 
the  appearance  of  gems.  These  designs  may  be  made  per- 
manent by  employing  solutions  of  colored  gelatine ;  but  in 
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this  case  the  squares  are  so  small  that  they  are  not  ver}- 
efiective  without  magnification.  Really  elegant  designs 
may  be  produced  in  this  way  for  lamp  shades,  window  and 
fire  screens,  signs,  etc.  The  mesh  of  the  wire  cloth  should 
be  quite  coarse,  say  lo  to  the  inch.  The  Avire  cloth  is  sup- 
ported a  short  distance  from  a  design  drawn  on  paper,  and 
the  different  colors  are  introduced  into  the  meshes  by  means 
of  an  ordinary  writing  pen.  The  gelatine  solution  should 
not  be  very  thick,  and  it  must  be  kept  warm.  Ordinary 
transparent  gelatine  may  be  colored  for  this  purpose  by 
adding  aniline.  Colored  lacquers  answer  admirably  for 
filling  the  squares.  The  beauty  of  this  kind  of  work  and 
the  simplicity  of  the  method  by  which  it  is  produced  re- 
commend it  for  many  purposes. 

ABSORPTION    OF    GASES. 

The  behavior  of  gases  under  certain  conditions  is  of 
peculiar  interest  to  the  student  of  physics,  since  it  involves 
actions  which  cannot  be  seen  and  which  require  purely  men- 
tal effort  for  their  comprehension.  There  are  simple  ways 
of  demonstrating  that  certain  actions  do  occur,  but  the  exact 
mode  ot  their  occurrence  is  left  to  reason  or  conjecture. 

In  some  of  the  following  experiments  molecular  action 
proceeds  with  astonishing  rapidity.  One  of  the  best  exam- 
ples of  this  rapid  action  is  the  absorption  of  gases  by  char 
coal. 

To  illustrate  absorption  according  to  the  usual  method, 
a  piece  of  recently  heated  charcoal  is  floated  upon  mercury 
and  a  test  tube  filled  with  carbonic  acid  gas  or  ammonia  gas 
is  inverted  over  it  and  quickly  plunged  into  the  mercury. 
Fig.  57.  The  absorption  begins  immediately  and  quickly 
forms  a  partial  vacuum,  which  causes  the  mercury  to  rise  in 
the  tube. 

When  a  quantity  of  mercury  is  not  available,  the  experi- 
ment may  be  performed  very  satisfactorily  in  the  manner 
illustrated  by  Fig.  58.  A  glass  tube,  closed  at  one  end  by  a 
cork  in  which  is  inserted  a  short  piece  of  smaller  tube,  is 
plunged  open  end  downward  into  a  tumbler  partly  filled 
with  water.     To  a  flask  or  bottle  is  fitted  a  cork  in  which  is 
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inserted  a  small  glass  tube,  and  the  two  small  tubes  are  con- 
nected by  a  short  piece  of  flexible  rubber  tubing.  The  flask 
is  filled  with  carbonic  acid  gas,*  and  corked.  One  or  two 
small  pieces  of  fine  charcoal  are  heated  strongly  in  a  closed 
vessel,  such  as  a  covered  crucible,  or  upon  the  top  of  a  stove. 
The  cork  of  the  flask  is  removed,  and  the  charcoal  is  dropped 

Fig.   57. 


Absorption  of  Gases  by  Charcoal. 

in  and  the  cork  replaced.  If  there  are  no  leaks,  the  absorp- 
tion of  the  gas  by  the  charcoal  will  be  immediately  shown 
by  the  rise  of  the  water  in  the  tube  in  the  tinnbler.  The 
coal  will  absorb  35  times  its  bulk  of  the  gas.  In  the  case  of 
ammonia  the  volume  of  gas  absorbed  reaches  90  times  the 
bulk  of  the  charcoal.     As  the  gases  which  are  most  easily 

*  Carbonic  acid  ^as  for  this  and  subsequent  experiments  may  be  readily  pre- 
pared by  dissolWng  a  small  quantity  of  carbonate  of  soda  (say  I  oz.)  in  water, 
in  a  tall  glass  or  earthen  vessel,  then  slowly  adding  a  few  drops  of  sulphuric 
acid.  The  gas  will  quickly  fill  the  vessel  to  overflowing.  The  carbonic  acid 
gas  being  much  heavier  than  air,  may  be  readily  poured  into  the  flask. 
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condensed  to  a  liquid  state  are  those  which  are  absorbed 
with  the  greatest  facility,  it  is  fair  to  presume  that  the  gases 
absorbed  b}-  the  charcoal  are  in  a  liquid  state.  The  well 
known  purifying  property  of  charcoal  and  other  porous  sub- 
stances is  referred  to  their  absorptiye  power. 

THE    DIFFUSION    OF    GASES. 

The   tendency   of  gases  to  mix  or  diffuse  one  into  the 
other  is  very   strong.     A  simple  experiment  exemplifying 


Fig.  5S. 


Absorption  of  Carbonic  Acid  Gas  by  Charcoal. 

this  tendency  is  illustrated  by  Figs.  59  and  60.  A  clean,  dry 
porous  cell,  such  as  is  used  in  galyanic  batteries,  is  closed 
by  a  cork  in  \\-hich  is  inserted  a  small  glass  tube.  A  piece 
of  barometer  tube  six  or  eight  inches  long  is  connected  by 
rubber  tubing  with  the  tube  of  the  porous  cell.  The  end  of 
the  barometer  tube  is  plunged  into  water  and  the  porous 
cell  is  introduced  into  a  yessel*  filled  with  hydrogen  or  illu- 
minating gas.     The  gas  enters  the  porous  cell  so  much  more 

*  An  ordinary  fish  globe  answers  admirably  as  a  gas-containing  vessel  for  this 
and  similar  experiments.  It  is  readily  filled  with  illuminating  gas  by  placing 
it  for  a  minute  in  an  inverted  position  over  a  burner  through  which  gas  is 
flowing. 
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rapidly  than  the  air  can  escape  through  the  pores  of  the  cell 
that  a  pressure  is  created  which  causes  the  air  to  escape 
through  the  tube  and  bubble  up  through  the  water. 

When  the  porous  cell  is  removed  from  the  glass  globe, 
the  reverse  of  what  has  been  described  occurs,  the  gas  pass- 
ing outward  with  much  greater  rapidity  than  the  air  can 
pass  in,  thereby  producing  a  partial  vacuum,  which  causes 

Fig.  59. 


The  Diffusion  of  Gases — Endosmose. 


the  water  to  rise  to  a  in  the  glass  tube.  Fig.  60.  These  arc 
examples  respectively  of  endosmose  and  exosmose.  In  these 
experiments  it  is  of  vital  importance  to  have  tight  joints, 
as  the  slightest  leak  will  insure  failure.  The  corks  should 
fit  tightly,  and  where  they  are  not  to  be  removed,  they 
should  be  carefully  sealed. 

These  experiments  may  be  tried  on  a  large  scale  by  em- 
ploying   a    porous    Turkish    water    cooler    instead    of   the 
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porous  cell,  and  using  a  larger  and  longer  glass  tube.  A 
large  bell  glass  or  glass  shade  may  serve  as  the  gas-contain- 
ing vessel.  The  action  may  be  made  more  distinctly  visi- 
ble by  coloring  the  water. 

A  convenient  and  inexpensive  way  of  showing  the  same 
phenomena  on  a  small  scale  is  illustrated  by  Fig.  6i.  An 
ordinary  clay  tobacco  pipe  answers  for  the  porous  vessel. 
A  short,  centrally  apertured  cork  is  fitted  to  the  bowl  of 
the  pipe,  a  glass  tube,  of  about  one-eighth  inch  internal 
diameter,  is  fitted  to  the  bore  of  the  cork,  and  the  cork  is 
carefully  sealed.     By  connecting  the  stem  of  the  pipe  with 


Fig.  6o. 


Exosmose. 


a  gas  jet  or  hydrogen  generator,  b_y  means  of  a  flexible 
tube,  and  inserting  the  glass  tube  a  short  distance  into 
water,  the  gas  will  bubble  up  through  the  water.  After 
shutting  off  the  gas  at  the  burner,  or  by  doubling  or  pinch- 
ing the  rubber  tube,  the  water  will  immediately  rise  in  the 
glass  tube — showing  that  in  the  exchange  of  gas  and  air 
through  the  pores  of  the  clay,  the  outward  movement  of 
the  gas  has  been  much  more  rapid  than  the  inward  move- 
ment of  the  air,  thereby  producing  a  partial  vacuum,  which 
causes  the  water  to  rise. 
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Fig.  61. 


By  breaking  off  the  stem  of  the  pipe  near  the  bowl,  the 
pipe  and  glass  tube  may  be  plunged  in  a  deep  glass  jar, 
when  the  experiment  may  be  proceeded  with  as  follows : 

A  little  water,  say  one-half  inch  in  depth,  is  poured  into 
the  jar,  after  which  the  jar  is  filled  with  carbonic  acid  gas. 
Illuminating  gas  or  hydrogen  is  allowed  to  flow  through 
the  pipe  while  it  is  removed  from  the  jar,  so  as  to  drive 
out  all  the  air  and  fill  the  pipe  with  gas.  The  gas  is  now 
shut  off  and  the  pipe  is  immediately  placed  in  the  jar,  with 
the  glass  tvibe  plunged  in 
the  water.  The  effect  is  the 
same  as  in  the  case  of  the 
air  and  gas,  i.  c,  the  car- 
bonic acid  gas  goes  in  and 
the  hydrogen  gas  goes  out  ; 
and  when  equilibrium  is 
established,  the  pipe  will 
contain  some  carbonic  acid. 
This  may  be  proved  by  re- 
moving the  pipe  from  the 
jar  and  plunging  the  glass 
tube  into  some  clear  lime 
water,  then  allowing  the 
gas  to  flow  onl}^  long  enough 
to  force  out  the  contents  of 
the  pipe.  The  presence  of 
the  carbonic  acid  is  indi- 
cated by  the  milky  appear- 
ance of  the  lime  Abater, 
which  is  due  to  the  forma- 
tion of   carbonate  of   lime. 

There  is  sufficient  carbonic  acid  in  the  exhalations  of 
the  lungs  to  show  an  action  which  is  the  reverse  of  that 
observed  in  connection  with  illuminating  gas.  When  the 
pipe  is  blown  through,  and  the  end  of  the  stem  is  quickly 
and  completely  stopped,  one  or  two  bubbles  will  escape 
from  the  glass  tube,  showing  that  the  inward  movement  of 
the  air  through  the  pores  of  the  clay  is  more  energetic  than 
the  outward  movement  of  the  carbonic  acid. 


Simple  Way  of  Showing  the  Diffusion 
of  Gases. 
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Fig.  62. 


The  diffusion  of  gases  may  be  sliown  by  the  well  known 
experiments  illustrated  b}'  Figs.  62  and  63.  A  medium 
sized  fish  globe,  a  very  small  fish  globe  which  will  pass  into 

the  larger  one,  and  a 
piece  of  bladder  are 
the  requisites  for  this 
experiment. 

The  small  globe  is 
filled  with  carbonic 
acid  gas,  and  the  blad- 
der, previously  moist- 
ened, is  placed  loosely 
over  the  mouth  of  the 
jar  and  tied  so  as  to 
render  the  connection 
between  the  bladder 
and  the  globe  air  tight. 
A  good  way  to  insure 
a  tight  joint  is  to 
stretch  a  wide  rubber 


Pressure  by  Endosmose. 


band  around  the  neck  of  the  globe  before  applying  the  mem- 
brane. The  large  fish  globe  is  filled  with  hydrogen  or 
illuminating  gas,  and  the  small  globe  is  placed  under  it  as 
shown    in     FisT.   62. 


As  the  hydrogen 
passes  inward 
through  the  mem- 
brane much  more 
rapidly  than  the  car- 
bonic acid  passes 
outward,  the  mem- 
brane is  distended 
outwardlv.  It  re- 
quires a  Httle  time 
to  produce  a  visible 
effect.  If  the  small- 
er globe  is  filled 
with  hydrogen,  and 
the   large  one  with 


Fig.  63. 


Partial  Vacuum  by  Exosmose. 
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carbonic  acid,  the  membrane  will  be  distended  inward,  as 
shown  in  Fig.  63.  In  this  latter  case  the  experiment  may  be 
performed  with  the  least  trouble  by  placing  the  large  globe 
with  its  mouth  upward,  and  closing  it  by  means  of  a  plate 
of  glass. 

Endosmose  proceeds  from  the  rarer  toward  the  denser 
gas.  The  law  governing  the  diffusion  of  gases,  according 
to  Graham,  is  that  the  force  of  diffusion  is  inversely  as  the 
square  roots  of  the  densities  of  the  gases. 

When  two  miscible  liquids  are  separated  by  a  porous  par- 
tition, the}'  diffuse  one  into  the  other.     A  simple  endosmo- 
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meter  for  showing  this  action  is 
shown  in  Fig.  64.  It  consists  of  a 
small  funnel  having  its  mouth 
closed  by  a  piece  of  bladder  held 
in  place  by  a  wide  rubber  band 
stretched  around  the  rim  of  the 
funnel.  The  funnel  thus  prepared 
is  immersed  in  water,  for  example, 
and  is  filled  to  the  level  of  the 
water  with  sirup  of  sugar.  The 
water  passes  through  the  bladder 
into  the  funnel  and  the  sirup  passes 
out.  The  rise  of  the  liquid  in  the 
funnel  indicates  that  the  water 
enters  more  rapidly  than  the  sirup 
escapes.  The  presence  of  the 
sirup  in  the  water  may  be  detected  by  taste.  That  the 
water  passes  through  the  membrane  into  the  funnel  may 
be  proved  by  adding  to  the  water  a  small  quantity  of  sul- 
phate of  iron,  and  after  the  experiment  has  proceeded  for  a 
time,  adding  some  tannin  to  the  contents  of  the  funnel.  If 
sulphate  of  iron  is  present  in  the  funnel,  the  sirup  will  turn 
dark  upon  the  addition  of  the  tannin. 

If  the  neck  of  the  funnel  proves  to  be  too  short,  a  glass 
tube  may  be  connected  with  it  by  means  of  a  short  piece  of 
rubber  tubing. 


End  osmometer. 
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CHAPTER  VI. 

LIQUIDS — PRESSURES   EXERTED    BY   LIQUIDS. 

Liquids  are  distinguished  from  solids  by  the  great  mo- 
bility of  their  molecules.  The  adhesion  between  the  mole- 
cules of  liquids  produces  more  or  less  resistance  to  their 
free  motion.  This  propert}',  which  is  known  as  viscosity, 
is  inherent  in  all  liquids,  some  exhibiting  extreme  mobilit}'. 

Fig.  65. 


Demonstration  of  Pascal's  Law. 


Others  having  great  viscosity.  Ether  is  an  example  of  a 
mobile  liquid,  and  an  example  of  a  viscous  one  is  found  in 
glycerine. 

Liquids  are  compressible  to  a  very  small  degree  only. 
They  are,  as  we  have  already  noticed  (Chapter  I),  porous 
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A  their  compressi- 


is     provided     with     open- 
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and  impenetrable,  and,  in   consequence 
bility,  they  are  elastic. 

Pascal  enunciated  the  following  law  of  the  pressures  of 
liquids:  "  Pressure  exerted  anywhere  upon  a  mass  of 
liquid  is  transmitted  undiminished  in  all  directions,  and  acts 
with  the  same  force  on  all  equal  surfaces,  and  in  a  direction 
at  right  angles  to  those  surfaces." 

To  demonstrate  this  principle,  the  apparatus  shown  in 
Fig.  65  has  been  devised. 

A  hollow  metallic  globe 
ings  at  the  top  and  bottom 
and  upon  four  or  more  of  its 
sides.  Around  these  openings 
there  are  collars,  over  which 
are  stretched  and  tied  dia- 
phragms of  rather  thick  but 
elastic  rubber,  the  upper  dia- 
phragm being  omitted  until 
the  globe  is  filled  with  water. 
The  globe  being  placed  upon 
a  suitable  support,  pressure  is 
applied  to  the  upper  dia- 
phragm, when  it  is  found  that 
the  pressure  is  transmitted 
through  the  medium  of  the 
water  not  only  to  the  dia- 
phragm at  the  bottom  of  the 
globe,  but  in  an  equal  degree 
to  the  diaphragms  upon  the 
sides  of  the  globe,  thus  showing  that  the  pressure  is  exerted 
by  the  water  equally  in  all  directions,  and  at  right  angles  to 
the  surfaces  with  which  it  is  in  contact.  This  is  a  simple 
illustration  of  Pascal's  law. 

Probably  there  is  not  a  more  striking  example  of  the 
effects  of  hydrostatic  pressure  than  that  presented  in  Pas- 
cal's experiment,  in  which  he  burst  a  stout  cask  b}^  inserting 
in  it  a  tube  about  30  feet  high,  and  filling  both  the  cask  and 
tube  with  water.  This  experiment,  in  a  modified  form,  is 
illustrated  by  Fig.  66.     A  tin  cup  of  6  inches  diameter,  and 


'  ^     6in. — 

Pascal's  Experiment. 
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havino-  a  wired  edge,  is  furnished  with  a  leather  or  rubber 
cover,  tied  over  the  top  of  the  cup  so  that  it  may  have  a 
motion  of  a  half  inch  or  more.  In  the  side  of  the  cup  is  in- 
serted a  tube  which  extends  upward  above  the  top  of  the 
cup  24  inches,  and  is  furnished  at  its  upper  end  wnth  a  fun- 
nel. The  diameter  of  the  tube  is  of  no  consequence  ;  the 
result  will  be  the  same  whether  it  is  small  or  large.  The  cup 
is  filled  with  water  by  submerging  it  with  the  tube  in  a  hori- 
zontal position,  with  the  tube  uppermost,  and  alternately 
pressing  in  the  flexible  covering  and  then  drawing  it  out- 
ward. This  operation  soon  drives  out  the  air  and  fills  the 
cup  with  water.     The  cup  is  placed  with  the  pipe  in  a  ver- 

FiG.  67.  Fig.  63.  Fig.  6g. 
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Equilibrium  in  Communicating  Vessels. 

tical  position,  and  a  board  is  laid  over  the  flexible  cover  and 
pressed  to  expel  all  of  the  water  above  the  rim  of  the  cup. 

Now,  by  placing  a  twenty-five  pound  weight  upon  the 
board  and  pouring  water  into  the  tube,  the  weight  will  be 
lifted  and  sustained.  This  experiment  shows  that  a  great 
pressure  may  be  produced  b}'  a  small  column  of  water.  In 
this  case  the  cup,  with  its  flexible  cover,  represents  the  large 
cylinder  and  piston  of  a  hydraulic  press,  the  tube  stands 
for  the  pump  c3-linder,  the  small  water  column  in  the  tube 
for  the  piston,  and  the  weight  of  the  column  for  the  power 
apphed.  By  increasing  the  height  of  the  water  column,  the 
pressure  will  be  correspondingly  increased. 

Fig.  67  shows  two  communicating  vessels  of  different 
diameter.     The  larger  one  is  divided  at  a  point,  b,  near  its 
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Fig.  70. 
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base,  and  reunited  by  means  of  a  packed  joint.  When 
water  is  poured  into  one  of  these  vessels,  it  rises  to  the 
same  level  in  both.  By  removing  the  upper  portion  of  the 
larger  vessel  and  tying  a  flexible  cover  over  the  lower  part, 
it  is  found  that  a  column  of  water  in  the  smaller  vessel  ex- 
tending to  the  point,  a,  will  be  exactly  counterbalanced  bv 
a  certain  weight  placed  on  the  flexible  cover,  as  in  Fig.  68. 
The  weight  required  will  be  exactly  that  of  a  column  of  water 
of  the  diameter  of  the  larger  vessel  and  equal  in  height  to  the 
distance  between  the  flexible  cover  and  the  level  of  the 
smaller  column,  a.  This 
may  be  shown  b}^  removing 
the  weight,  replacing  the 
upper  part  of  the  larger 
vessel,  as  in  Fig.  69,  and  till- 
ing it  with  water  up  to 
the  level,  a.  The  weight  of 
water  required  in  the  larger 
vessel  to  thus  lift  the  smaller 
column  to  the  point,  a,  will 
be  found  to  be  the  same  as 
that  of  the  weight  removed. 

It  seems  puzzling  that 
no  variation  in  the  size  or 
form  of  the  upper  portion 
of  the  larger  vessel  can  make 
any  difference  in  the  results, 
provided  the  same  water 
level  is  maintained  ;  but  it 
must  be  remembered  that  the  whole  question  is  simply  one 
of  pressure  per  square  inch.  The  weight  will  as  readily 
balance  a  large  column  as  a  small  one,  the  vertical  height 
being  the  same  in  each  case. 

The  enormous  pressure  developed  in  a  hydraulic  press  is 
a  subject  of  wonder,  even  to  those  who  perfectly  under- 
stand the  principle  involved  in  its  operation.  Men  regard 
with  interest  anything  that  furnishes  an  exhibition  of  power, 
and  it  is  difficult  to  avoid  thinking  that  in  the  hydrauHc 
press  power  is  actually  created  in  some  mysterious  way. 
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However,  nothing  of  this  kind  happens.  A  hydraulic  press 
is  simply  a  power  converter,  in  which  a  certain  pressure 
per  square  inch,  acting  on  a  small  area,  is  able  to  produce 
the  same  pressure  per  square  inch  on  a  large  area,  thereby 
multiplying  the  pressure.  The  sum  total  of  all  the  power 
utilized  in  the  press  is  exactly  equal  to  the  sum  total  of  all 
the  power  applied  to  the  press,  less  friction. 

In  Fig.  70  is  illustrated  a  hypothetical  hydraulic  press, 
above  which  is  given  a  diagram  showing  the  relative  areas 
upon  which  pressure  is  exerted.  To  the  two  communicat- 
ing vessels,  A,  B,  with  square  cross  sections,  are  fitted  the 
pistons,  a,  b.  The  piston,  «,  is  one  inch  square,  and  conse- 
quently has  an  area  of  one  square  inch.  The  piston,  b,  is 
5  inches  square,  and  consequently  has  an  area  of  25 
square  inches.  If  the  spaces  below  the  pistons  be 
filled  with  water,  it  will  be  found  that,  in  consequence 
cf  the  equal  distribution  of  pressure  throughout  the 
confined  body  of  water,  a  weight  placed  on  the  piston,  a, 
will  balance  a  weight  twenty-five  times  as  great  placed 
upon  the  piston,  /;;  that,  for  example,  a  downward  pressure 
of  five  pounds  upon  the  piston,  a,  will,  through  the 
medium  of  the  water,  cause  a  pressure  of  five  pounds 
to  be  exerted  on  every  square  inch  of  surface  touched  by 
the  water,  and  that  the  movable  piston,  b,  having  twenty- 
five  times  the  area  of  the  piston,  a,  and  receiving  on  each 
square  inch  of  its  surface  a  pressure  of  five  pounds,  will  be 
forced  upward  with  a  pressure  of  one  hundred  and  twent}'- 
five  pounds. 

A  press  of  this  description  would  have  no  practical 
value,  inasmuch  as  a  movement  of  the  piston,  a,  through 
the  space  of  five  inches  would  lift  the  piston,  b,  only  one- 
fifth  of  an  inch.  To  lift  the  piston,  /;,  five  inches  would 
necessitate  a  piston,  a,  having  a  length  of  one  hundred  and 
twent3'-five  inches  (over  ten  feet). 

To  obviate  this  difficulty,  the  pump  piston  of  a  hydraulic 
press  is  of  a  reasonable  length,  and  valves  are  provided  by 
means  of  which  the  short  piston,  by  acting  repeatedly,  will 
accomplish  the  same  results  as  would  in  the  other  case  re- 
quire a  ver}'  long  piston. 
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In  Figs.  71  and  72  is  shown  a  very  simple  and  easily  con- 
structed hydraulic  press,  which  has  considerable  utility.  It 
is  made  of  pipe  fittings,  valves,  rods  and  bolts,  that  are  all 
procurable  almost  anywhere. 

To  the  baseboard  is  secured  a  flange,  into  which  is  screwed 
a  short  piece,  A,  of  gas  pipe.  On  the  upper  end  of  the  pipe 
is  screwed  a  coupling,  into  which  is  inserted  a  bushing  from 
which  the  internal  thread  has  been  removed.  In  the  bush- 
ing and  in  the  pipe,  A,  is  inserted  a  rod  of  cold  rolled  iron, 

Fig.   li. 


Simple  Hydraulic  Press. 

a  bar  of  brass,  or  a  short  section  of  shafting,  and  the  space 
in  the  coupling  around  the  rod  is  filled  with  hemp  packing, 
which  may  be  compressed,  if  required  from  time  ■  to  time, 
by  screwing  in  the  bushing.  The  flange  at  the  bottom  of 
the  pipe,  .A,  is  connected  with  the  pump,  B,  by  the  pipe,  C, 
in  which  is  inserted  a  discharge,  as  shown.  The  pump  cyl- 
inder is  inserted  in  a  crosstee,  to  opposite  sides  of  which 
are  attached  ordinary  check  valves.  The  tee  is  fastened  to 
the  base  by  a  plugged  piece  of  pipe,  extending  through  the 
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base  and  provided  with  a  nut,  which  clamps  the  base  tightly. 
The  barrel  of  the  pump  is  in  all  respects  like  the  press  bar- 
rel, except  in  size.  The  piston  consists  of  a  ^4  inch  brass 
rod,  to  the  upper  end  of  which  is  attached  a  tee  handle. 

A  heav}'  bar  of  wood  is  supported  over  the  pipe.  A,  by 
bolts  extending  through  the  base  and  through  a  re-enforc- 


mBMJm  '■■■'J.I 

Sectional  View  of  Simple  Hydraulic  Press. 


ing  bar  under  the  base.  The  check  valves  both  open  to- 
ward the  cvlinder,  A,  and  the  outer  one  is  provided  with  a 
rubber  suction  pipe.  Water  is  drawn  into  the  pump  by 
lifting  the  piston  and  forced  into  the  press  barrel  by  the 
descent  of  the  piston.  The  proportion  of  the  pressure  at- 
tained, to  the  powerapplied,  will  be  as  the  area  of  the  large 
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piston  to  the  area  of  the  small  one.  With  pistons  of  re- 
spectively 2  inches  and  >{  inch  diameter,  a  pressure  of  3,000 
pounds  may  be  produced  easily.  If  it  is  desired  to  create  a 
greater  pressure,  the  barrel,  A,  may  be  made  of  hydraulic 
tubing,  and  a  lever  ma}'  be  applied  to  the  pump  piston,  or 
the  diameter  of  the  barrel,  A,  and  its  piston  may  be  in- 
creased. 

LATERAL     PRESSURES. 

In  some  experiments  already  described  it  was  shown 
that  hydrostatic  pressure  is  equallj'  distributed  on  all  sides 
of  the  containing  vessel.     Fig.  73  illustrates  an  experiment 

Fig.  73. 


Reactionary  Apparatus, 

in  which  are  shown  the  effects  of  removing  pressure  from  a 
portion  of  one  side  of  the  vessel,  thus  allowing  the  pressure 
to  act  upon  the  opposite  side  of  the  vessel  in  such  a  manner 
as  to  cause  it  to  move.  This  experiment  is  arranged  to  show 
this  action  in  two  ways,  one  so  as  to  propel  the  vessel  for- 
ward, the  other  so  as  to  cause  it  to  turn. 

The  apparatus  consists  of  a  tall  tin  can — such  as  is  used 
by  fancy  bakers  for  wafers  or  fine  crackers— mounted  upon 
a  wooden  float  provided  with  a  lead  ballast  to  keep  it  in  an 
upright  position.  In  one  side  of  the  can  at  the  bottom  is 
inserted  a  short  tube,  a,  and  in  diametrically  opposite  sides 
of  the  can,  also  at  the  bottom,  are  inserted  longer  tubes,  b, 
which  reach  over  the  wooden  block  and  have  their  ends 
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turned  in  opposite  directions.  All  of  the  tubes  are  stopped, 
and  the  fioat  is  placed  in  a  large  vessel  of  water,  when  the 
can  is  filled  with  water  and  the  stopper  of  the  tube,  a,  is 
withdrawn,  thereby  allowing  water  to  escape  from  the  can, 
and  by  reaction  drive  the  can  backward. 

When  the  straight  tube,  a,  remains  closed,  and  the  bent 
tubes,  b,  are  opened,  the  reaction  of  the  issuing  streams 
results  in  the   rotary    movement   of  the   apparatus.      The 

Fig.    74. 


Hydr.iulic  Ram. 

apparatus  arranged  in  this  way  illustrates  the  principle  of 
Barker's  mill. 

The  hydrauHc  ram,  a  simple  form  of  which  is  illustrated 
in  Fig.  74,  depends  for  its  action  on  the  momentum  of  the 
water  column  and  upon  the  elasticity  of  air.  The  reservoir 
in  the  present  case  consists  of  an  inverted  glass  bottle  hav- 
ing no  bottom,  and  provided  with  a  perforated  stopper  in 
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which  is  inserted  one  end  of  a  tube,  preferably  lead,  on 
account  of  the  facility  with  which  it  may  be  cut  and  bent. 
The  other  end  of  the  tube  is  branched,  one  branch  extend- 
ing through  a  stopper  inserted  in  an  inverted  bottle  which 
serves  as  an  air  chamber.  The  other  branch  of  the  tube 
extends  to  the  overflow  valve.  In  the  stopper  of  the  air 
chamber  is  inserted  a  second  tube,  which  is  bent  upward 
and  curved  over,  forming  the  riser. 

The  smaller  bottle,  which  serves  as  a  valve  chamber,  is 
provided  with  a  stopper  which  receives  the  branch  of  the 
supply  tube  and  an  overflow  tube.  The  ar- 
rangement of  these  tubes  is  shown  in  detail 
at  2,  the  curved  tube  being  the  overflow, 
the  straight  one  the  inlet.  To  the  inlet  and 
overflow  tubes  is  fitted  a  valve  consisting  of 
a  metal  ball  or  a  marble.  The  fitting  is  ac- 
complished by  simpl}^  driving  the  ball  against 
the  end  of  each  tube,  so  as  to  form  valve 
seats.  Four  wires  are  inserted  in  the  stopper 
around  the  inlet  tube  to  prevent  the  escape 
of  the  valve.  The  distance  which  should 
separate  these  tubes,  as  well  as  the  weight  of 
the  ball  valve,  is  determined  by  experiment. 

In  the  air  chamber  above  the  branch  of 
the  supply  tube  is  confined  a  ball  valve  by  a 
cage  formed  of  wires  inserted  in  the  stopper, 
as  shown  at  3.  This  valve  is  fitted  in  the 
manner  alread}'  described. 

The  discharge  tube  extends  above  the  level  of  the  reser- 
voir. The  reservoir  and  the  tubes  are  supported  by  wire 
loops  and  standards  inserted  in  a  base  board. 

Water  flows  from  the  reservoir  through  the  valve  cham- 
ber and  out  at  the  overflow.  When  the  velocity  of  the  flow 
is  sufficient  to  carry  the  valve  in  the  valve  chamber  up 
against  the  end  of  the  curved  overflow  tube,  the  overflow  is 
immediately  checked,  and  the  momentum  acquired  by  the 
water  causes  it  to  continue  to  flow  for  an  instant  into  the 
air  chamber,  compressing  the  air  in  the  chamber,  and  caus- 
ing the  water  to  rise  in  the  discharge  tube.     As  soon  as 
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equilibrium  is  established,  the  valve  in  the  air  chamber 
closes  and  the  valve  in  the  valve  chamber  falls  awa}-  from 
its  seat  on  the  overflow  tube,  allowing  the  water  to  dis- 
charge again,  and  so  on,  this  intermittent  action  continuing 
so  long  as  there  is  water  in  the  reservoir.  The  water  dis- 
charged bv  the  riser  is  only  a  fraction  of  that  flowing  out  of 
the  reservoir. 

We  have  already  noticed  (Fig.  66)  that  a  liquid  will  as- 
sume the  same  level  in  communicating  vessels.  The  size 
and  form  of  the  vessels  is  immaterial.  The  smaller  one  may 
be  inclined,  curved,  or  bent  in  any  form  and  the  larger  one 
may  have  any  capacity,  still  the  result  will  be  the  same. 


Fig.   76. 


Fig.  77. 


Fig.  78. 


■':^  -.— ^— -^ 


Egg  in  Fresh  Water. 


Egg  Buoyed  up  by 
Salt  Water. 


Egg  in  Equilibrium  be- 
tween two  Liquids  of 
Different  Densities. 


When,  however,  the  vessels  contain  liquids  of  different  den- 
sities, the  level  will  be  no  longer  the  same.  In  such  case 
the  lighter  liquid  will  stand  higher. 

When  several  liquids  of  different  densities  which  do  not 
mix  are  contained  in  the  same  vessel,  there  will  be  stable 
equilibrium  only  when  the  liquids  are  arranged  in  the  order 
of  their  densities,  the  heavier  liquid  being,  of  course,  at  the 
bottom.  This  is  illustrated  by  the  "  vial  of  four  liquids," 
shown  in  Fig.  75.  A  test  tube  with  a  foot  makes  a  conven- 
ient receptacle  for  the  liquids.     In  the  bottom  of  the  tube  is 
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Fig.  79. 


placed  mercury.  The  second  liquid  in  order  is  a  saturated 
solution  of  carbonate  of  potash  in  water.  The  third  is  alco- 
hol, colored  with  a  little  aniline  red  to  mark  the  division 
of  the  liquids  more  clearly.  The  fourth  is  kerosene  oil. 
When  these  liquids  are  shaken  up,  they  mix  mechanically, 
but  when  the  tube  is  at  rest  the  liquids  quickly  arrange 
themselves  in  their  original  order. 

The  experiment  illustrated  in  Figs.  ^6,  j'j,  and  78  shows 
the  effects  of  liquids  of  different  densities.  Two  pint  tum- 
blers or  similar  vessels  are  necessary  for  this  experiment. 
Half  fill  one  with  water  and  the  other  with  strong  brine. 
Into  the  water  drop  an  egg.  It  goes  to  the  bottom  (Fig.  y6). 
An  egg  dropped  into  the  brine  floats  (Fig.  jj).  By  care- 
fully pouring  the  brine  through  a 
long  funnel  or  through  a  funnel 
with  an  attached  tube,  which  will 
reach  to  the  bottom  of  the  tumbler 
containing  the  pure  water,  the 
water  and  the  egg  will  be  lifted, 
and  the  egg  will  float  in  equili- 
brium at  the  middle  of  the  tumbler. 

The  first  experiment  shows  that 
the  egg  is  a  little  more  dense  than 
pure  water,  the  second  that  brine 
is  more  dense  than  the  egg,  and 
the  third  that  the  egg  can  be  sup- 
ported in  equilibrium  between  two  liquids  of  different 
densities. 

The  hydrostatic  toy  known  as  the  Cartesian  diver  illus- 
trates the  several  conditions  of  floating,  immersion,  and  sus- 
pension in  equilibrium.  In  a  tall,  slim  glass  tube,  closed  at 
the  bottom  and  filled  with  water,  is  placed  a  porcelain 
or  glass  figure  having  a  glass  bulb  attached  to  its  head. 
The  p-lass  bulb  has  a  small  hole  in  the  bottom,  and  is  filled 
partly  with  water  and  partly  with  air,  the  proportion  of  air 
and  water  being  such  as  to  just  allow  the  bulb  to  float. 
The  top  of  the  tube  is  closed  by  a  piece  of  flexible  rubber 
tied  over  its  mouth.  The  pressure  of  the  fingers  upon  the 
rubber  communicates  pressure  through  the  water  to  the  air 
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contained  b}'  the  bulb,  causing  the  air  to  occupy  less  space 
and  increasing  the  weight  of  the  bulb  in  proportion  to  the 
amount  of  water  forced  in.  As  the  weight  of  the  bulb  in- 
creases the  diver  descends,  and  when  the  finger  is  removed 
from  the  elastic  cover  of  the  tube,  the  air  by  its  own  elas- 
ticity regains  its  normal  volume,  and  the  bulb,  becoming 
lighter,  rises  to  the  top  of  the  jar. 
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Gases. 


Fig.  8o. 


Gases  are  elastic  fluids  in  \,hich  the  molecular  force  of 
repulsion  is  superior  to  the  force  of  attraction.  Expansion, 
the  most  characteristic  property  of  gases,  is  due  to  this  force. 
The  limit  of  the  expansive  force  of  a  gas  is  unknown.  If 
there  were  no  opposing  causes,  it  would  appear  that  the  par- 
ticles of  a  gas  might  separate  indefinitely. 

The  expansive  force  of  the  atmosphere  is  opposed  by  the 
earth's  attraction ;    the    air  is 
thus  in  a  state  of  equilibrium. 

The  expansibility  of  air  is 
shown  by  inclosing  a  small 
quantity  of  it  at  atmospheric 
pressure  in  an  elastic  rubber 
balloon,*  and  placing  the  bal- 
loon in  the  receiver  of  an  air 
pump,  then  removing  the  at- 
mospheric pressure  from  the 
exterior  of  the  balloon  by  ex- 
hausting the  receiver.  The  air 
in  the  balloon  will  expand,  dis-  ^|| 
tending  it  as  shown  in  Fig.  80. 

In      former       experiments      ^aE^-^,^-^= 
illustrating    the    diffusion     of  ^^^ 

,  ii     i  Dilatation  of  Balloon  in  a  Vacuum. 

gases,  it  was  shown  that  car- 
bonic acid  gas  was  very  much  heavier  than  air,  by  pouring 
the  gas  from  one  vessel  to  another,  thus  to  a  great  extent 
displacing  the  air  in  the  receiving  vessel,  in  the  same  man- 
ner as  it  would  be  displaced  by  the  pouring  in  of  a  liquid. 
In  the  case  of  pure  hydrogen  or  illuminating  gas,  the  order 

*The  small  inflatable  balloons  applied  to  the  toy  squawkers,  and  which 
may  be  bought  in  any  toy  store  for  three  cents,  answer  perfectly  for  this  ex-pe- 
riment. 
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of  things  was  reversed ;  /.  c,  to  fill  the  vessel  it  was  neces- 
sary^ to  invert  it,  so  that  the  air  might  be  displaced  by  the 
rising  of  the  gas,  which  is  so  much  lighter  than  air. 

To  show  visibl_y  that  one  gas  is  heavier  than  air  and  the 
other  lighter,  a  pair  of  balances  ma}-  be  pressed  into 
service.     If  the  balances  are  not  at  hand,  a  pair  may  readily 


Fig, 


Weighing  Gases. 

be  made  of  wire,  as  shown  in  the  engraving.  All  the  pivots 
should  be  made  V-shaped,  to  reduce  the  friction  to  a  mini- 
mum. The  pivot  of  the  beam  should  be  a  little  higher  than 
the  bearing  surface  of  the  hooks  at  the  ends  of  the  beam. 
The  conical  scale  pan  may  be  made  of  paper,  by  radially 
slitting  a  disk,  overlapping  the  edges,  and  sticking  them  to- 


GASES. 


87 


gether.  The  paper  box  for  receiving  the  gas  is  five  inches 
in  each  of  its  dimensions,  and  is  suspended  from  the  scale 
beam  by  a  wire  stirrup,  so  that  it  may  be  reversed.  After 
bringing  the  scale  to  equilibrium  in  air  by  placing  some 
small  weights  in  the  pan,  the  air  contained  by  the  box  may 
be  displaced  by  pouring  in  carbonic  acid  gas.  The  box  will 
immediately  descend,  showing  that  carbonic  acid   gas   is 

Fig.  82. 


Gas  Wheel. 


heavier  than  air.  Allowing  the  weights  in  the  pan  to  remain 
the  same,  the  paper  box  is  inverted,  when  the  carbonic  acid 
falls  out,  and  air  takes  its  place.  The  balance  beam  again 
becomes  horizontal.  Now,  by  opening  a  jar  of  hydrogen 
under  the  box,  the  air  is  again  displaced,  this  time,  however, 
by  the  rising  of  the  inflowing  gas.  When  the  greater  por- 
tion of  the  air  is  replaced  by  h^-drogen,  the  box  rises,  show- 
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ing  b}'  its  buoyancy  that  its  contents  are  lighter  than  air. 
If  the  balance  is  allowed  to  remain  for  a  time,  the  gas  will 
be  diffused,  and  the  balance  beam  will  return  again  to  the 
horizontal  position. 

To  determine  the  weight  of  air,  a  globe  provided  with  a 
stop  cock  is  completely  exhausted  and  weighed.  Air  is  then 
admitted  and  the  globe  is  again  weighed,  when  its  weight 


will  be  greater  than  before. 


The  difference  between  the 


Fig.   S3. 


Hand  Glass. 


weight  in  the  first  and  second  cases  will  be  the  weight  of 
the  air  contained  by  the  globe. 

One  hundred  cubic  inches  of  dry  air  under  an  atmo- 
spheric pressure  of  30  inches,  and  at  the  temperature  of  60° 
Fahrenheit,  weigh  3 1  grains.  The  same  volume  of  carbonic 
acid  under  the  same  conditions  weighs  47"23  grains,  100  cubic 
inches  of  hydrogen  weigh  2-14  grains. 

Air  at  the  same  pressure  and  at  a  temperature  of  32"  is 
about  T-i^  as  heavy  as  water. 
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In  Fig.  82  is  shown  a  very  simple  wheel,  to  be  operated 
by  gases.  The  wheel  consists  of  a  disk  of  light  but  stiff  card 
board,  mounted  between  two  corks  on  a  straight  knitting 
needle,  and  provided  around  its  periphery  with  buckets 
formed  of  squares  of  writing  paper,  attached  to  the  per- 
iphery of  the  disk  by  two  adjoining  edges  so  as  to  form  hol- 
low cones,  as  shown.  The  knitting  needle  is  journaled  in 
wire  or  wooden  standards,  and  lubricated  so  that  it  may 
turn    freely.     Carbonic    acid    gas    may    be    generated   in   a 


F115.  84. 


Fi<;.  85. 


Rubber  Forced  Inward  by 
Air   Pressure. 


Crushing  Force  of  the 
Atmosphere 


pitcher  and  poured  upon  the  wheel  in  the  manner  illus- 
trated. By  making  the  wheel  large  enough  and  carefully 
balancing  it,  it  may  be  turned  by  liberating  hydrogen  gas 
under  the  mouths  of  the  buckets. 

To  exhibit  some  of  the  effects  of  atmospheric  pressure, 
all  that  is  required  besides  an  air  pump,  or  aspirator,  is  a 
large  and  heavy  lamp  chimne)'. 

The  lamp  chimney  needs  no  other  preparation  for  use 
than    the    insertion    of    a    five-sixteenths    inch    tube    m  the 
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center  of  the  cork  and  the  thorough    sealing  of   the  cork 
with  its  tube  in  the  smaller  end  of  the  chimney. 

A  very  striking  and  instructive  experiment  consists  in 
exhausting  the  air  from  the  chimney  by  applying  the  suction 
tube  of  the  pump  to  the  tube  at  the  closed  end  of  the  chim- 
ney, while  the  palm  of  the  hand  is  applied  to  the  large  open 


Weight  Lifted  by  Air  Pressure. 

end  of  the  chimney.  As  the  air  is  exhausted  from  beneath 
the  hand,  the  pressure  of  the  atmosphere  exerted  on  the  hand 
drives  the  palm  down  into  the  chimney,  as  shown  in  Fig.  83, 
and  as  the  exhaustion  proceeds,  the  pressure  becomes  pain- 
ful and  difficult  to  endure. 

It  is  easy  under  such  circumstances  to  realize  that  the 
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Fig. 


atmosphere  has  a  very  appreciable  weight.  The  same  fact 
may  be  illustrated  by  tying  over  the  open  end  of  the  chim- 
ney a  thin  piece  of  elastic  rubber,  then  exhausting  th'^ 
air  from  the  chimney,  allowing  the  external  air  to  press  the 
rubber  down  into  the  chimney,  as  shown  in  Fig.  84. 

The  disruptive  power  of  atmospheric  pressure  is  illus- 
trated by  the  rupturing  of  a  thin  piece  of  bladder  tied  over 
the  open  end  of  the  chimney,  as  shown  in 
Fig.  85.  When  the  air  is  exhausted  from  the 
chimney,  the  bladder,  if  thin  enough,  will 
burst  with  a  loud  report.  If  the  bladder  will 
not  readil}^  burst,  the  rupture  may  be  started 
by  puncturing  it  with  the  point  of  a  knife. 

In  Fig.  86  is  illustrated  a  similar  experi- 
ment, in  which  the  inwardly  pressed  dia- 
phragm is  made  to  raise  a  weight.  A  piece 
of  rubber  cloth  is  tied  over  the  open  end  of 
the  chimney,  and  a  hook  is  fastened  to  its 
center  by  sewing.  The  cloth  is  heavily 
coated  with  rubber  cement  around  the  sew- 
ing of  the  hook.  A  weight  is  placed  on  the 
hook,  and  the  air  is  exhausted  as  before.  The 
upward  pressure  of  the  atmosphere  raises  the 
weight.  This  experiment  illustrates  the 
action  of  a  form  of  vacuum  brake  now  ex- 
tensively in  use ;  the  weight  representing 
the  brake. 


THE    BAROMETER 


Mercurial  Col- 
umn Supported 
by  Atmospheric 
Pressure. 


The  pressure  of  the  atmosphere  is  plainly 
exhibited  in  the  mercurial  barometer,  the  sim- 
plest form  of  which  is  shown  in  Fig.  87. 
It  consists  of  a  glass  tube  about  36  inches 
in  length,  closed  at  one  end  and  completely  filled  with  mer- 
cury, the  open  end  being  plunged  into  a  vessel  of  mercury. 
The  column  will  stand  at  a  height  of  about  30  inches  above 
the  level  of  the  mercury  in  the  vessel,  showing  that  the 
pressure  of  the  atmosphere  under  ordinary  circumstances 
is  equal  to  that  of  a  column  of  mercury  of  about  the  height 
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given.  The  weight  of  water  being  to  that  of  mercury  as 
I  to  I3'59,  the  height  of  a  water  column  supported  by  the 
atmosphere  would  be  about  34  feet. 

The  original  mercurial  column  experiment  of  Torricelli 
was  followed  by  an  experiment  by  Pascal  which  proved 
conclusively  that  the  support  of  the  mercurial  column  was 
due  to  atmospheric  pressure.  It  consisted  in  making  simul- 
taneous observations  of  two  barometers,  one  situated  at  a 
high  altitude,  the  other  at  a  lower  level.  It  was  thus  shown 
by  the  descent  of  the  mercurial  column,  at  a  high  eleva- 
tion, that  atmospheric  pressure  diminishes  in  proportion  to 
the  ascent. 

AN    INEXPENSIVE   AIR    PUMP. 

The  engraving  illustrates  an  efficient  air  pump  for  both 
exhaustion  and  compression,  which  may  be  made  from  ma- 
terials costing  one  dollar  and  fifty  cents,  and  with  the  expend- 
iture of  not  more  than  two  or  three  hours'  labor. 

With  this  pump,  the  entire  range  of  ordinarj'  vacuum  and 
plenum  experiments  may  readily  be  performed  by  the  aid 
of  a  few  well  known  and  inexpensive  articles,  such  as  lamp 
chimne)-s,  fish  globes,  a  tumbler  or  so,  and  pieces  of  sheet 
rubber,  bladder,  etc. 

Fig.  88  illustrates  the  manner  of  using  the  pump.  Figs. 
89  to  92  inclusive  are  sectional  views  of  the  pump  and  its 
valves.  Fig.  93  shows  a  form  of  valve  for  the  compression 
pump,  and  Fig.  94  shows  the  application  of  a  foot  pedal  to 
the  pump.  The  materials  required  are  as  follows :  Apiece 
of  so-called  pure  rubber  tubing  if  inches  external  diameter, 
I  inch  internal  diameter,  and  9  inches  long ;  a  piece  of  pure 
rubber  tubing  i  inch  external  diameter,  f  inch  internal 
diameter,  and  5  inches  long ;  a  piece  of  heavy  pure  rubber 
tubing  finch  external  diameter  and  4  feet  long;  two  wooden 
valve  castings  (shown  in  Fig.  90) ;  a  strip  of  the  best  oiled 
silk,  f  inch  wide  and  8  or  10  inches  long;  and  some  stout 
thread. 

The  piece  of  one  inch  rubber  tube  is  cut  diagonally  at  an 
angle  of  about  30",  so  as  to  divide  it  into  two  similar  pieces. 
The  wooden  valve  casing  is  pierced  longitudinally   with   a 
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one-sixteenth  inch  hole  and  transversely  with  a  hole  A  inch 
square,  and  thoroughly  shellacked  or  soaked  in  melted  par- 
affine  to  render  it  impervious  to  air.  The  longitudinal  hole 
is  cleared  out,  and  the  walls  of  the  square  transverse  hole 
are  smoothed.     One  of  the  walls   of   the    square   hole  into 


Testing  Simple  Air  Pump. 

which  the  one-sixteenth  hole  enters  forms  one  valve  seat, 
and  the  other  forms  the  other  valve  seat.  The  valves  each 
consist  of  two  thicknesses  of  the  oiled  silk  strip  stretched 
loosely  over  the  valve  seat,  and  secured  by  the  thread 
wound  around  the  wooden  valve  casing.      It  will,  of  course. 
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be  understood  that  when  the  valve  casings  are  placed  in 
the  I  inch  rubber  tubing,  and  the  i  inch  tubes  are  placed  in 
the  ends  of  the  larger  tube,  as  shown  in  Fig.  89,  the  valves 
must  both  be  capable  of  opening  in  the  same  direction,  so 


that  the  air  mav  pass  through  the  pump  as  indicated  by  the 
arrow,  entering  by  one  valve  and  escaping  by  the  other. 

The  pieces  of  rubber  tube  inclose  the  valve  casings,  so 
that  each  valve  has  a  little  air-tiarht  chamber  of  its  own  to 
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work  in.  The  beveled  ends  of  the  rubber  tube  are  arranged 
as  shown  in  the  engraving,  and  the  inner  ends  of  the 
wooden  valve  casings  are  beveled  to  correspond,  so  that 
when  the  large  rubber   tube   is   placed   on   the   floor   and 

Ftg.  93. 


Valve  for  Compression  Pump. 

pressed  by  the  foot,  there  will  be  ver}'  little  air  space  left 
in  the  pump.  The  four-foot  rubber  tube  is  attached  to  one 
end  of  the  pump  for  vacuum  experiments,  and  to  the  oppo- 
site end  for  plenum  experiments.     To  avoid  any  possibility 

Fig.  94. 


Treadle  lor  Air  Pump. 

of  the  Sticking  of  the  valves,  the  valve  seats  are  rubbed 
over  with  a  very  soft  lead  pencil,  thus  imparting  to  them  a 
sHght  coating  of  plumbago,  to  which  the  oiled  silk  will  not 
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adhere.  As  an  elastic  rubber  pump  barrel  of  the  kind  de- 
scribed requires  considerable  pressure  of  the  foot  to  insure 
the  successful  operation  of  the  pump,  it  is  advisable  to  con- 
struct a  treadle  like  that  shown  in  Fig.  94.  It  consists  of 
two  short  boards  hinged  together,  the  lower  one  having  a 
shallow  groove  for  the  reception  of  the  middle  part  of  the 
pump.  The  edges  of  the  upper  board  are  beveled  at  about 
the  same  angle  as  the  ends  of  i^  inch  rubber  tube.  The 
Avidth  of  the  hinged  boards  should  be  somewhat  less  than 
the  length  of  the  chamber  in  the  pump.  A  mark  is  made  on 
the  side  of  the  larger  tube  at  one  end  to  indicate  the  top, 
the  proper  position  for  the  pump  being  that  shown  in 
Fig.  88. 

The  pressure  of  the  foot  on  the  side  of  the  pump  barrel 
expels  the  air  through  the  discharge  valve,  and  when  the 
barrel  is  released,  its  own  elasticity  causes  it  to  expand,  and 
while  regaining  its  normal  shape  it  draws  the  air  from  any 
vessel  communicating  with  the  suction  valve. 

A  vacuum  sufficient  for  most  of  the  ordinar}-  experi- 
mental work  may  be  produced  by  means  of  this  pump  in  a 
short  time.  A  gauge  may  be  improvised  by  attaching  the 
suction  pipe  to  a  piece  of  barometer  tube  about  30  inches 
long,  and  dipping  the  end  of  the  tube  in  mercury,  using  a 
yard  measure  as  a  scale,  as  shown  in  Fig.  88.  The  pump 
will  be  found  to  compare  favorably  with  piston  pumps. 

When  it  is  desired  to  construct  a  pump  of  this  kind  for 
compressing  air  or  for  a  low  vacuum,  the  elastic  tube  form- 
ing the  pump  barrel  may  be  larger  and  thinner,  and  the  hole 
through  the  wooden  valve  casing  may  be  made  larger,  as 
shown  in  Fig.  93,  and  the  oiled  silk  valve  may  be  replaced 
by  a  simple  rubber  flap  valve,  held  in  place  by  a  single  tack. 

The  fish  globe  forms  the  receiver  of  the  air  pump.  It  is 
closed  by  the  soft  rubber  disk,  which  is  supported  by  the 
wooden  disk,  the  rubber  being  secured  to  the  wood  by  four 
common  screws  passing  through  the  rubber  into  the  wood, 
about  midway  between  the  center  and  circumference  of  the 
rubber.  Both  the  board  and  the  rubber  are  apertured  to 
receive  a  five-sixteenths  brass  tube,  provided  with  a  fixed 
collar  at  the  top  of  the  wood,  and  with  a  screw  collar  at  the 
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inner  end  which  is  turned  down  upoi  the  rubber,  clamping- 
it  to  the  wood,  and  at  the  same  time  making  an  air-tio-ht 
joint  around  the  tube.  ^ 

The  suction  tube  of  the  pump  is  applied  to  the  small 
brass  tube,  and  the  soft  rubber  disk  is  pressed  down  upon 
the  mouth  of  the  globe,  when  the  operation  of  producing  a 
vacuum  is  begun.  After  a  few  strokes  of  the  pump,  the 
cover  will  be  retained  on  the  globe  by  atmospheric  pressure, 
and  will  need  no  further  holding  by  the  hand. 

A  great  deal  of  experimental  and  practical  work  may  be 


Fig.  95 


Fig.  (j6. 


Water  Boiling  in  Vacuo. 


Bell  in  Vacuo. 


done  with  the  simple  air  pump  described  in  the  foregoing 
pages.  The  apparatus  required  for  the  vacuum  experi- 
ments costs  less  than  the  pump.  It  consists  of  a  fish  globe 
6  in.  in  diameter,  a  disk  of  thick,  soft  rubber  large  enough 
to  cover  the  fish  globe,  a  plain  disk  of  wood  as  large  as  the 
rubber,  two  3  in.  pieces  of  five-sixteenths  inch  brass  tubing,  a 
lamp  chimney  with  a  flange  on  the  lower  end,  a  cork  fitting 
the  small  end  of  the  chimney,  a  thin  piece  of  bladder,  a  thin 
piece  of  very  elastic  rubber,  a  small  bell,  a  tumbler,  a  small 
rubber  balloon,  some  sealing  wax,  some  stout  thread,  and  a 
piece  of  small  wire. 


98 


EXPERIMENTAL    SCIENCE. 


The  fact  that  water  boils  at  a  temperature  below  212° 
when  the  atmospheric  pressure  is  removed,  is  exhibited  b}' 
placing  a  tumbler  of  hot,  but  not  boiling,  water  in  the  re- 
ceiver, as  shown  in  Fig.  95,  then  exhausting  the  air  from  the 
receiver. 

The  bell  suspended  in  the  receiver  b}^  a  light  elastic 
rubber  band  stretched  across  a  wire  fork,  whose  shank  is 
inserted  in  the  tube  of  the  receiver  cover,  as  shown  in  Fig. 
96,  may  be  distinctly  heard  when  rung  in  the  receiver  before 
exhaustion,  but  after  exhausting  the  receiver,  the  bell  will 

be    heard    feebl}',  if   at   all, 


Fig, 


97. 


thus  showing  that  the  air 
when  rarefied  is  a  poor 
sound  conductor. 

The  inability  of  rarefied 
air  to  support  life  is  shown 
by  the  experiment  illustrat- 
ed by  Fig.  97.  A  mouse  in 
the  receiver  soon  dies  when 
the  air  is  exhausted. 

A  device  for  use  in  con- 
nection with  the  simple  air 
pump  for  desiccating  and 
for  removing  air  from  mi- 
croscope mounts  is  shown 
in  Fig.  98.  It  consists  of  an 
ordinary  fruit  jar  having 
soldered  in  its  cover  a  short 
tube,  which  is  adapted  to  receive  the  suction  tube  of 
the  air  pump.  The  objects  to  be  treated  are  placed  in  the 
jar,  the  cover  put  on  and  made  tight,  and  the  suction  pipe 
of  the  pump  is  applied. 

These  are  mostly  well-known  vacuum  experiments, 
adapted  to  the  simplified  apparatus.  There  are,  of  course, 
many  others  that  ma}'  be  performed  with  equal  facility  by 
means  of  this  air  pump. 

With  the  pump  arranged  for  compression,  a  large  num- 
ber of  experiments  of  a  different  character  may  be  performed. 
A  reservoir  will  be  needed,  like  that  shown  in  Fig.  99.     It 
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consists  of  a  piece  of  ordinary  leader,  sucli  as  may  be  pro- 
cured from  any  tinman.  It  should  be  3  or  4  in.  in  diameter 
and  3  or  4  feet  long.  Heads  are  soldered  on  the  ends,  and 
all  the  seams  are  made  air  tight  by  soldering.  A  five-six- 
teenths inch  tube  is  insei'ted  in  one  end,  and  another  in  the 

Fiu.  98. 


Withdrawing  Air  from   Microscope  Slides. 

side.  The  discharge  end  of  the  pump  is  connected  with 
one  of  the  tubes  of  the  reservoir,  and  a  rubber  tube,  having 
at  one  end  a  one-sixteenth  inch  nozzle  of  metal  or  glass,  is 
connected  with  the  other  tube  of  the  reservoir.     The  air 

Fig.  gg. 


Compressed  Air  Reservoir  and   Ball  E.xperiment. 
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may  be  confined  in  the  reservoir  by  doubling  the  discharge 
tube  or  applying  to  it  an  ordinary  pinch  cock.  A  light 
ball  of  cork  may  be  supported  in  the  air  jet  while  the  nozzle 
is  held  in  an  inclined  position,  as  shown  in  Fig.  99. 

By  connecting  the  discharge  pipe  of  the  reservoir  with 
a  spool,  in  the  manner  shown  in  Fig.  100,  the  familiar  expe- 
riment of  sustaining  a  card,  together  with  an  attached 
weight,  by  blowing  down  on  the  card  may  be  performed. 


Fic.   loi. 


Fig.   100. 


Ball  Experiment. 


Card  Experiment. 


A  pin  passing  through  the  card  into  the  central  aperture  of 
the  spool  prevents  the  card  from  shpping. 

Fig.  loi  shows  a  simple  way  of  exhibiting  the  ball 
experiment.  The  ball  is  held  in  the  concavity  of  the  spool 
by  blowing  forcibly  outward  against  it. 

In  these  cases  the  air  issues  in  a  thin  sheet,  which 
adheres  to  and  carries  away  the  air  adjoining  the  upper 
surface  of  the  object  supported,  thereby  producing  a  par- 
tial vacuum  into  which  the  object  is  forced  by  atmospheric 
pressure. 
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In  Fig.  I02  is  shown  an  atomizer  which  may  be  used 
in  connection  with  the  reservoir  and  air  compressor  for 
atomizing  liquids  for  various  purposes.  In  the  present  case 
it  is  represented  as  an  atomizing  petroleum  burner.  A  bur- 
ner of  this  kind  yields  a  very  intense  heat,  and  produces  a 
flame  2  or  3  ft.  long.  The  oil  in  the  vertical  tube  adheres 
to  the  air  forced  through  the  horizontal  tube  and  is  carried 
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Atomizing   Petroleum   Burner. 

forward  with  the  air  in  the  form  of  tine  spray,  which  readily 
burns  as  it  is  ejected  from  the  nozzle.  The  vacuum  formed 
in  the  vertical  tube  is  supplied  by  oil  forced  up  by  atmo- 
spheric pressure. 

ASPIRATORS    FOR    LABORATORY    USE. 

Wherever  a  head  of  water  of  ten  feet  or  more  is  avail- 
able, an  aspirator  is  by  far  the  most  convenient  instrument 
for  producing  a  vacuum  for  filtration  and  fractional  distilla- 
tion. It  is  also  adapted  to  a  wide  range  of  physical  experi- 
ments. 

Besides  the  advantage  of  convenience  and  compactness, 
the  aspirator  has  the  further  advantage  over  piston  air 
pumps  in  the  matter  of  cost.  It  may  be  had  at  prices 
varying  from  $1.50  to  $4  or  $5. 
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Two  kinds  are  in  general  use— one  of  glass,  known  as 
Bunsen's  filter  pump,  and  shown  in  Figs.  103  and  104;  the 
other  of  brass,  shown  in  Figs.  105,  106,  and  107. 

The  glass  aspirator  can  be  purchased  of  almost  any  dealer 
in  drug-eists'  sundries  or  chemical  glassware.  Any  expert 
glass  blower  can  make  it  in  a  short  time. 

This  instrument  consists  of  an  elongated  bulb  terminating 
in  a  crooked  tube  at  the  bottom  and  having  a  tapering  nozzle 


Fig.   103. 


Fig,   104. 


Bunsen   Filter  Pump. 

inserted  in  the  top  and  welded.  The  lower  end  of  the  nozzle 
is  located  directly  opposite  and  near  the  crooked  discharge 
tube.  A  side  tube  is  connected  with  the  bulb  at  a  point 
near  the  junction  of  the  nozzle  and  bulb. 

This  aspirator  is  used  in  the  manner  indicated  in  Fig.  104, 
i.  I'.,  the  upward  extension  of  the  nozzle  is  connected  with  a 
tap  by  a  short  piece  of  rubber  tubing,  and  the  side  tube  is 
connected  by  a  piece  of  rubber  tubing  with  the  vessel  to  be 
exhausted.     When  the  water  is  allowed  to  flow  through  the 
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aspirator,  it  leaps  across  the  space  between  the  nozzle  and 
discharge  tube  and  carries  with  it  by  adhesion  the  air 
from  the  bulb,  which  is  continually  replaced  by  air  from 
the  vessel  being  exhausted. 

It  is  necessary  to  securely  fasten  the  ends  of  the  rubber 
tube  connected  with  the  tap,  or  the  water  pressure  may  force 
it  off,  thus  causing  the  breaking  of  the  instrument.  To 
secure  the  best  effects  with  this  pump,  it  is  necessary  to 
connect  a  vertical  tube  25  to  30  feet  long  with  the  discharge 
end  of  the  pump. 

The  metaUic  aspirator  shown  in  Figs.  105,  106,  and  107  is 
of  course  free  from  all  danger  of  being  broken  in  use,  and  it 
has  other  qualities  which  render  it 
superior  to  the  glass  instrument,  one 
of  which  is  a  much  higher  efficiency, 
another  is  its  ability  to  retain  the  va- 
cuum should  the  flow  of  water  be  ac- 
cidentally or  purposely  discontinued. 
It  can  be  screwed  directly  on  the 
water  tap,  and  needs  no  additional 
pipe  to  cause  it  to  work  up  to  its  full 
capacity ;  and  where  a  head  of  water 
is  not  available,  it  may  be  inserted  in 
a  siphon  having  a  vertical  height  of 
ten  feet  or  more. 

This  instrument  is  known  as  the 
Chapman  aspirator.  Like  all  instru-  Chapman's  Aspirator. 
ments  of  its  class,  it  is  based  on  the  principle  of  the  Giffard 
injector.  The  construction  of  the  aspirator  is  shown  in 
section  in  Fig.  105.  The  water  enters  at  A,  as  indicated  by 
the  arrow.  The  air  enters  at  B,  and  both  air  and  water 
are  discharged  at  C.  The  water  in  going  through  the 
contracted  passage  forms  a  vacuum  at  the  narrower  part 
into  which  the  air  enters.  The  starting  of  the  instrument 
is  facilitated  by  a  diaphragm  which  half  closes  the  discharge 
tube.  The  water  is  prevented  from  entering  the  air  pipe  by 
a  small  check  valve  shown  in  the  interior  of  the  lateral  tube. 
Much  of  the  efficienc}'  of  this  instrument  is  due  to  the 
accuracy  with  which  the  contracted  passage  is  formed.     A 
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slight  change  in  the  shape  of  this  passage  seriousl)'  affects 
the  results. 

The  vacuum  produced  by  this  aspirator  is  equal  to  that 
of  the  mercurial  barometer,  less  the  tension  of  aqueous  vapor. 
That  is  to  sav,  when  the  barometer  is  at  30  inches,  the 
vacuum  produced  by  the  aspirator  will  be  about  29^-  inches. 
Such  a  vacuum  can  be  produced  by  water  under  a  pressure 
of  five  and  one-half  pounds. 

In  Fig.  106  is  shown  the  aspirator  applied  to  a  Geissler 

Fig.   106. 


Exhausting  Geissler  Tube. 


tube.  It  quicklv  exhausts  an  8  inch  tube,  so  that  the  dis- 
charge of  an  induction  coil  will  readily  pass  through.  By 
placing  a  tee  in  the  connecting  pipe,  the  Geissler  tube  can 
be  filled  with  different  gases.  Each  will  exhibit  its  peculiar 
color  as  the  spark  passes.  The  vacuum  is  not  high  enough 
for  a  perfected  Geissler  tube,  but  it  is  suflicient  for  the 
greater  part  of  vacuum  experiments.  The  aspirator  can  be 
arranged  to  produce  a  continuous  blast  sufficient  for  the 
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operation  of  a  blowpipe,  and  for  other  uses  requiring-  a 
moderate  amount  of  air  or  gas  under  pressure. 

The  method  of  accomphshing  this  is  illustrated  in  Fig. 
107.  The  instrument  is  arranged  to  discharge  into  a  bottle 
or  other  vessel  having  an  overflow,  and  the  air  for  the  blast 
is  taken  out  through  the  angled  tube  inserted  in  the  stopper 
of  the  bottle.  The  amount  of  air  pressure  is  regulated  by 
the  water  pressure  and  the  height  of  the  overflow  pipe. 

For  many  vacuum  experiments  a  plate  provided  with  a 

Fig.    107. 


Blast  produced  b}'  the  Aspirator. 


Plate  and  Receiver  for  Aspirator. 


central  aperture,  and  having  a  tube  extending  from  the 
aperture  to  the  edge  of  the  plate,  will  be  found  useful.  The 
tube  is  provided  with  a  suitable  valve,  which  closes  commu- 
nication with  the  asjiirator,  and  which  also  serves  to  admit 
air,  when  required,  to  the  receiver  fitted  to  the  plate.  This 
plate  and  various  accessories  are  like  the  plate  and  acces- 
sories of  a  piston  air  pump.  Communication  is  established 
between  the  tube  of  the  plate  and  the  aspirator  by  means  of 
a  pure  rubber  tube,  which  is  practically  air  tight. 
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MOUTH   VACUUM   APPARATUS. 

Although  the  vacuum  apparatus  already  described  is 
very  simple,  it  is  quite  practicable  to  perform  many  experi- 
ments of  this  class  by  using  the  mouth  as  an  air  pump,  thus 
dispensing  almost  entirely  with  mechanism.  The  operation 
of  producing  a  partial  vacuum  is  facilitated  by  employing  a 
valve  such  as  is  shown  in  the  left  hand  figure  of  Fig.  109. 
This  valve  consists  of  a  thick  tube  of  hard  wood,  having  a 

T,  bore   of    about   X   inch. 

Fig.   Tog.  1 » 

One  end  of  the  tube  is 
corrugated  to  receive  a 
rubber  pipe,  and  over  the 
other  end  is  tied  a  valve 
of  elastic  rubber.  By 
connecting  this  valve 
with  a  stopped  glass  tube 
by  means  of  a  flexible 
rubber  pipe  and  a  jet 
tube  in  the  manner 
shown,  and  then  sucking 
the  air  through  the  valve, 
a  partial  vacuum  may  be 
quickly  formed  in  the 
tube.  The  vacuum  will 
be  retained  by  the  valve, 
so  that  when  the  valve  is 
disconnected  from  the  jet 
tube,  while  the  latter  is 

Mouth  Vacuum   Apparatus.  •  i     •  „*„„     +u-- 

^'^  immersed   in    water,  the 

pressure  of  the  external  air  will  cause  the  water  to  enter  the 
glass  tube  through  the  jet  in  the  form  of  a  fountain.  It  is 
obvious  that  many  of  the  foregoing  experiments  may  be 
tried  in  a  similar  way. 


ANCIENT    INVENTIONS    OPERATED    BY   AIR   PRESSURE. 

More  than  two  thousand  years  ago,  Hero  (or  Heron), 
a  philosopher  and  mathematician  of  Alexandria,  invented 
the  fountain  shown  in  the  annexed  enp-raving-.     This  device. 
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Fig.   iio< 


Hero's   Fountain. 
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because  of  its  antiquit}',  as  well  as  its  simplicity  and  com- 
pleteness, is  very  interesting  and  instructive. 

As  represented  in  the  engraving,  it  may  be  classed  with 
toys,  or  at  most  regarded  as  only  an  apparatus  for  illustrating 
a  scientific  principle;  but  it  is  more  than  this.  It  is  the  pro- 
genitor of  a  number  of  modern  inventions  for  raising  water 
and  producing  air  pressure. 

The  curious  feature  of  the  apparatus  is  that  it  apparently 
causes  the  water  to  rise  above  its  own  level  by  its  own  pres- 
sure, but  such  is  not  the  case.  Its  action  is  due  to  the  trans- 
ference of  the  pressure  of  one  column  of  water  to  another 
column  of  water  at  a  higher  level,  through  the  medium  of  a 
column  of  confined  air.  It  is  as  truly  a  case  of  the  applica- 
tion of  external  power  as  it  would  be  if  a  steam  air  compres- 
sor were  applied. 

The  water  to  be  elevated  is  contained  by  the  upper  bulb, 
which  communicates  at  its  lower  side  with  the  fountain 
nozzle,  and  at  its  upper  side  with  the  downwardly  curved 
tube  connecting  with  the  top  of  the  lower  bulb.  A  tube 
connecting  with  the  lower  side  of  the  lower  bulb  extends 
upward  to  the  level  of  the  upper  bulb,  and  terminates  in  a 
flaring  cup. 

The  upper  bulb  having  been  filled  with  water  and  the 
lower  bulb  with  air,  the  fountain  is  started  by  pouring  a 
small  quantity  of  water  into  the  cup,  which  by  flowing  down- 
ward through  the  tube  connected  with  the  cup  exerts  a 
pressure  on  the  air  contained  by  the  lower  bulb.  This  pres- 
sure is  equal  to  the  weight  of  the  column  of  water  in  the 
tube.  The  air  pressure  thus  created  is  transferred  to  the  top 
of  the  upper  bulb  by  the  air  column  rising  from  the  lower 
bulb  through  the  tube  connecting  the  two  bulbs,  so  that  the 
pressure  of  the  water  column  descending  from  the  cup,  less 
a  very  small  allowance  for  friction,  is  effective  in  forcing 
the  water  out  of  the  upper  bulb  through  the  fountain  nozzle. 

The  proper  inclination  of  the  apparatus  directs  the  water 
jet  so  that  the  water  falls  into  the  cup  and  replaces  the  water 
used  in  creating  the  air  pressure  in  the  lower  bulb. 

When  the  lower  bulb  is  filled  with  Avater,  and  the  water 
has  been  entirely  discharged  from  the  upper  bulb,  the  action 
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of  the  apparatus  ceases;  but  it  may  be  again  started  by 
inverting  the  fountain,  allowing  the  water  in  the  air  bulb  to 
run  into  the  upper  or  water  bulb,  then  righting  it  and  again 
pouring  a  Httle  water  into  the  cup. 

This  device  was  employed  during  the  last  century  for 
elevating  water  in  the  mines  of  Hungary. 

In  Fig.  1 1 1  is  shown  an  interesting  modification  of  Hero's 
fountain.  The  apparatus  is  made  of  glass,  to  illustrate  the 
principle  on  which  it  operates.  It  consists  of  a  volute  coil 
of  tubing  connected  at  its  center  with  a  hollow  shaft  that 
communicates  with  a  hollow  journal  box,  from  which  a  stand- 
pipe  rises.  When  this  coil  is  turned  in  the  direction  indi- 
cated by  the  arrow,  water  and  air  assume  in  the  coiled  tube 
positions  relative  to  each  other  as  shown  in  the  engraving ; 
the  water  being  arranged  in  a  series  of  curved  columns  on 
one  side  of  the  center  of  the  wheel,  the  air  being  corre- 
spondingly disposed  on  the  opposite  side  of  the  center.  The 
height  to  which  the  water  will  be  raised  by  this  machine  is 
equal  to  the  sum  of  the  heights  above  their  upwardly  curved 
lower  ends  of  all  the  curved  columns  of  water  contained  by 
the  coil.  It  will  be  noticed  that  the  pressure  of  one  curved 
column  of  water  in  the  coil  is  communicated  to  the  next 
through  the  intervening  air,  which  weighs  practically 
nothing. 

This  machine  was  invented  by  Wirtz,  of  Zurich,  in  1746. 

"In  1784  a  machine  of  this  kind  was  made  at  Arch- 
angelsky  that  raised  a  hogshead  of  water  in  a  minute  to  an 
elevation  of  74  feet,  and  through  a  pipe  760  feet  long." 

INERTIA    OF   AIR. 

Although  air  is  a  light  and  extremely  mobile  fluid,  it  has 
sufficient  inertia  to  permit  of  the  flight  of  birds,  the  opera- 
tion of  windmills,  and  the  propulsion  of  sailing  vessels.  The 
aerial  top  shown  in  Fig.  112  is  dependent  upon  the  inertia 
of  the  air.  This  top  is  simply  a  metallic  screw  wheel, 
adapted  to  be  revolved  by  means  of  a  string  in  the  same 
manner  as  an  ordinary  top. 

With  the  application  of  a  sufficient  amount  of  force,  this 
top  will  rise  to  a  height  of  150  to  200  feet.     It  can  hardly  be 
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Fig.   hi. 


Wirtz's  Pump. 
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Fig.   112. 


called  a  flying  machine,  as  it  does  not  carry  its  own  motive 
power.  In  the  next  illustration,  however,  is  shown  a  flying- 
machine  which  in  one  sense  carries  its  own  power,  that  is, 
stored  power. 

It  consists  of  a  light  frame  furnished  at  one  end  with  a 
slender  rattan  bow  inclosed  in  a  little 
bag  of  tissue  paper,  which  forms  a  sort 
of  rudder  when  the  fly-fly  ascends,  and 
opens  like  an  umbrella  when  it  descends, 
forming  a  parachute,  which  greatly  re- 
tards the  fall.  In  the  crosspiece  of  the 
opposite  end  is  journaled  a  little  shaft 
formed  of  a  wire  having  on  its  inner  end 
a  loop  receiving  a  number  of  rubber 
bands,  which  are  fastened  to  the  opposite 
end  of  the  frame.  To  the  outer  end  of 
the  little  shaft  is  secured  a  piece  of  cork.  Aerial  Top. 

in  which  are  inserted  two  feathers  inclined  at  an  angle  with 
the  plane  of  the  shaft's  rotation,  and  oppositely  arranged 
with  respect  to  each  other. 

By  turning  the  propeller  wheel  thus  formed,  the  rubber 
Fig.  113.  bands  are  twisted,  and  sufficient  power 

is  stored  in  them  to  turn  the  propeller 
wheel  in  the  direction  opposite  to  that 
required  for  winding,  and  thus  propel 
the  device  through  the  air. 

Another  device  still  more  nearly  ap- 
proaching the  ideal  flying  machine  is 
shown  in  the  annexed  cut.  Fig.  1 14  being 
a  perspective  view  of  the  entire  bird, 
and  Fig.  1 14a  an  enlarged  perspective 
view  of  the  working  parts.  It  is  known 
The  Fly-Fly.  as   Penaud's  mechanical  bird. 

It  is  a  pretty  toy,  imitating  the  flight  of  a  bird  very  well 
indeed.  It  soars  for  a  few  seconds,  and  then  requires 
rewinding.  Two  Y-shaped  standards  secured  to  the  rod 
forming  the  backbone  of  the  apparatus  support  at  their 
upper  ends  two  wires,  upon  which  are  pivoted  two  wings 
formed  of  light  silk.     The  wings  are  provided   with  light 


112 


EXPERIMENTAL    SCIENCE. 


stays,  and  are  connected  at  their  inner  corners  with  the 
backbone  by  threads.  In  the  Y-shaped  standards  is  jour- 
naled  a  wire  crank  shaft  carrying  at  its  forward  end  a  trans- 
verse wire  forming  a  sort  of  balance,  and  serving  also  as  a 
key  for  winding.  The  inner  end  of  the  crank  shaft  is  pro- 
vided with  a  loop  to  which  are  attached  rubber  bands  which 
are  also  secured  to  a  post  near  the  rear  end  of  the  apparatus. 
Two  connecting  rods  placed  on  the  crank  are  pivotally  con- 
nected with  the  shorter  arms  of  the  levers  of  the  wings. 
The  rear  end  of  the  backbone  is  provided  with  a  rudder. 

Figs.   114  and  ii4(J. 


Mechanical  Bird. 


The  rubber  bands  are  twisted  by  turning  the  shaft  by 
means  of  the  cross  wire.  When  the  shaft  is  released,  it  is 
turned  by  the  rubber  bands  in  a  reverse  direction,  causing 
the  crank  to  oscillate  the  wings,  which  beat  the  air  in  a 
natural  manner,  and  propel  the  device  forward.  The  prin- 
ciple of  the  inclined  plane  is  involved  here,  but  the  plane, 
instead  of  being  rotated,  as  in  all  the  cases  mentioned  above, 
is  reciprocated. 

The  toy  boomerang,  which  is,  in  some  respects,  similar 
to   the  regular  article,  cannot  perform  all  the  feats  with 
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which  the  more  pretentious  implement  is  credited  ;  but  it 
can  be  projected,  and  made  to  return  over  nearly  the  same 
path. 

The  to}'  boomerang  is  made  of  a  piece  of  tough  card- 
board cut  on  a  parabolic  curve  as  shown  in  the  engraving, 
one  arm  of  the  boomerang  being  a  little  longer  than  the 
other.  When  laid  on  an  inclined  surface,  as  shown  in  the 
engraving,  and  snapped  by  a  pencil  held  firmly  in  one  hand 
and  drawn  back  and  released  by  the  fingers  of  the  other 
hand,  the  boomerang  is  set  in   rapid  rotation  by  the  blow, 

and    is    at    the   same    time  „ 

Fig.   115. 

projected,  the  first  part  of 
the  trajectory  being  practi- 
cally in  the  continuation  of 
the  plane  in  which  the 
boomerang  is  started;  but 
when  the  momentum  which 
carries  it  forward  is  ex- 
hausted, the  boomerang  still 
revolves,  and  maintains  its 
plane  of  rotation,  so  that 
when  it  begins  to  fall,  in- 
stead of  describing  the  same 
trajectory  as  ordinary  pro- 
jectiles, it  makes  a  circuit 
to  one  side  and  comes  back 
toward  the  point  of  start- 
inar.  The  flatness  or  curv- 
ature  of  the  boomerang  and  the  form  of  its  edges,  as 
well  as  the  position  in  which  it  is  placed  for  starting,  and 
the  speed  and  manner  of  starting,  all  have  an  effect  in 
determining  the  outward  as  well  as  the  return  course  of 
the  projectile. 

VORTEX    MOTION. 

Every  one  has  noticed  the  symmetrical  wreaths  of  smoke 
and  steam  occasionally  projected  high  into  the  air  on  a  still 
da}'  by  a  locomotive;  similar  rings  may  often  be  noticed 
after  the   firing  of  a  gun.     It  is   not   uncommon   to  see  a 
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smoker  forming  such  wreaths  with  his  mouth.  These  rings 
are  simply  whirling  masses  of  air  revolving  upon  axes  curved 
in  annular  form,  the  smoke  serving  to  mark  the  projected 
and  whirling  body  of  air,  thus  distinguishing  it  from  the 
surrounding  atmosphere.  The  whirls  would  exist  without 
the  smoke,  but  they  would,  of  course,  be  invisible. 

Fig.   ii6. 


itex  Rine-s. 


All  the  apparatus  needed  for  producing  vortex  rings  at 
will  is  an  ordinary  pasteboard  hat  box,  having  a  circular  hole 
of  4  or  5  inches  diameter  in  the  cover.  Two  pads  of  blot- 
ting paper  are  prepared,  each  consisting  of  six  or  eight 
pieces.  Upon  one  pad  is  poured  a  small  quantity  of  muriatic 
acid  and  upon  the  other  a  similar  quantity  of  strong  aqua 
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ammonia.  These  pads  are  placed  in  the  box  and  immediately 
a  white  cloud  is  formed,  which  consists  of  particles  of  chlor- 
ide of  ammonium  so  minute  as  to  float  in  the  air. 

By  smartly  tapping  opposite  sides  of  the  box,  a  puff  of 
air  is  sent  through  the  circular  opening  of  the  cover,  carry- 
ing with  it  some  of  the  chloride  of  ammonium.  The  friction 
of  the  air  against  the  edges  of  the  cover  retards  the  outer 
portion  of  the  projected  air  column,  while  the  inner  portion 
passes  freely  through,  thus  imparting  a  rotary  motion  to  the 
body  of  air  adjoining  the  edge  of  the  cover,  the  axis  of 
revolution  being  annular.  After  the  ring  is  detached,  the 
central  portion  of  the  air  column  continues  to  pass  through 
it,  thus  maintaining  the  rotary  motion. 

When  two  rings  are  projected  in  succession  in  such  a 
manner  as  to  cause  one  to  collide  with  the  other,  they  behave 
much  like  elastic  solid  bodies.  By  making  the  aperture  in 
the  box  cover  elliptical,  the  rings  will  acquire  a  vibratory 
motion. 

By  fastening  the  box  cover  loosely  at  the  corners,  the 
box  may  be  turned  upon  its  side  and  rings  may  be  projected 
horizontally. 

It  is  obvious  that  smoke  may  be  used  in  this  experiment 
in  lieu  of  the  chloride  of  ammonium. 


ii6 


EXPERIMENTAL    SCIENCE. 


CHx\PTER  VIII. 


SOUND. 

The  student  of  acoustics  need  not  go  beyond  the  realm 
of  toys  for  much  of  his  experimental  apparatus.  The  various 
toy  musical  instruments  are  capable  of  illustrating  many  of 
the  phenomena  of  sound  very  satisfactorily,  if  not  quite  as 
well  as  some  of  the  more  pretentious  apparatus. 

Sound  is   a   sensation   of   the   ear,   and   is   produced   by 

sonorous  vibrations  of  the  air. 
"'^'  It  may  be  in  the  nature  of  a 

mere  noise,  due  to  irregular 
vibrations,  like  the  noise  of  a 
wagon  on  the  street,  or  it  may 
be  a  sharp  crack  or  explosion, 
like  the  cracking  of  a  whip  or 
like  the  sound  produced  by 
the  collision  of  solid  bodies. 
The  clappers,  or  bones,  with 
which  all  boys  are  familiar,  are 
an  example  of  a  class  of  t03^s 
which  create  sound  by  con- 
cussion, and  the  succession  of 
sounds  produced  by  the  clap- 
pers are  irregular,  and  clearly 
distinct  from  musical  sounds. 
A  succession  of  such  sounds, 
although  occurring  with  considerable  frequency  and  perfect 
regularity,  will  not  become  musical  until  made  with  suffi- 
cient rapidity  to  bring  them  within  the  perception  of  the 
ear  as  a  practically  continuous  sound.  The  rattle,  or  cricket, 
produces  a  regular  but  unmusical  sound. 

The  wooden  springs  of  the  cricket  snap  from  one  ratchet 
tooth  to  another,  as  the  body  of  the  cricket  is  rapidly  swung 
around,  making  a  series  of  regular  taps,  which,  taken  all 
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Fig.  II 


The  Cricket,  or  l^attlc. 


together,  make  a  terrific  noise,  having  none  of  the  character- 
istics of  musical  sounds.  That  a  musical  sound  may  be 
made  by  a  sei-ies  of  taps  is 
illustrated  by  the  buzz,  a  toy 
consisting  oi  a  disk  of  tin 
having  notched  edges  and 
provided  with  two  holes  on 
diametrically  opposite  sides 
of  the  center,  and  furnished 
with  an  endless  cord  passing 
through  the  holes.  The 
disk  is  restated  b}'  pulling 
in  opposite  directions  on  the 
twisted  endless  cord,  allow- 
ing the  disk  to  twist  the 
cord  in  the  reverse  direc- 
tion, then  again  pulling  the 
cord,  and  so  on. 

If,  while   the  disk  is  re- 
volving rapidly,  its  periphery  is  brought  into  light  contact 
with  the  edge  of  a  piece  of  paper,  the  successive  taps  of  the 
Fig.  1 19.  teeth  of  the  disk  up- 

on the  paper  pro- 
duce a  shrill  musical 
sound,  which  varies 
in  pitch  according  to 
the  speed  of  the  disk. 
Such  a  disk  mounted 
on  a  shaft  and  re- 
volved rapidly  is 
known  as  Savart's 
wheel."'"' 

It  is  ascertained 
by    these     cxperi- 
f  ..  ■  ...7        '    ments  that     regular 
The  Buzz.  vibrations    of    suffi- 

cient frequency  produce  musical  sounds,  and  that  concus- 
sions, irregular  vibrations,  and  regular  vibrations  having  a 

*See  chapter  on  experiments  with  the  scientific  top. 
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slow  rate,  produce  only  noises.  It  has  been  determined 
that  the  lowest  note  appreciable  by  the  ear  is  produced  by 
sixteen  complete  vibrations  per  second,  and  the  highest  by 
24,000  complete  vibrations  per  second. 

VIBRATING    RODS. 

The  zylophone  and  metallophone  are  examples  ot  musical 
instruments  employing  free  vibrating  rods  supported  at 
their  nodes.  The  zylophone  consists  of  a  series  of  wooden 
rods  of  different  lengths,  bored  transversely  at  their  nodes, 
or  points  of  least  vibration,  and  strung  together  on  cords. 
The  instrument  may  either  be  suspended  by  the  cords  or 

Fig.    120. 


The  Zjlophone. 


laid  upon  loosely  twisted  cords  situated  at  the  nodes.  By 
passing  the  small  spherical  wooden  mallet  accompanying 
the  instrument  over  the  wooden  rods,  very  agreeable  liquid 
musical  tones  are  produced  by  the  vibration  of  the  rods, 
and  when  the  rods  are  struck  by  the  mallet  they  yield  tones 
which  are  very  pure,  but  not  prolonged. 

The  cheaper  forms  of  zylophone  are  tuned  by  shtting  the 
rods  transversely  at  their  centers  on  the  under  side,  by 
means  of  a  saw,  to  a  depth  required  to  give  them  the  flexi- 
bility necessary  to  the  production  of  the  desired  tones. 
The  rods  are  divided  b}-  the  nodes  into  three  vibrating  parts, 
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the    parts    between   the   nodal    points    and    the   ends  being 
nearly  one-half  of  the  distance  between  the  nodes. 


Fig.  121. 


The  Metallophone. 

The  metallophone  is  similar  in  form  to  the  zylophone,  but, 
as  its  name  suggests,  the  vibrating  bars  are  made  of  metal — 
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Music   Box 

hardened  steel.     The  bars  rest  at  their  nodes  on  soft  woolen 
cords,  secured  to  the  upper  edges  of  a  resonator  forming 
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the  support  of  the  entire  series  of  bars.  The  resonator  is 
tapered  both  as  to  width  and  depth,  and  serves  to  greatly 
increase  the  volume  of  sound,  although  it  does  not  act  as  a 
perfect  resonator  for  each  bar. 

When  a  bar  is  struck,  its  downward  movement  produces 
an  air  wave  which  moves  downward,  strikes  the  bottom  of 
the  resonator,  and  is  reflected  upward  in  time  to  re-enforce 
the  outwardly  moving  air  wave  produced  bv  the  upward 
bending  of  the  bar. 

The  metallophone  yields  sweet  tones  which  are  quite 
different  in  quality  from  those  produced  by  the  vibration  of 
wooden  bars. 

The  music  box  furnishes  an  example  of  the  class  of  instru- 
ments in  which  musical  sounds  are  produced  bv  the  vibra- 


Mouth   Organ,  or  Harmonica. 

tion  of  free  reeds  rjr  tongues  rigidlv  held  at  one  end  and 
free  to  vibrate  at  the  other  end.  The  tongues  of  the 
music  box  are  made  by  slitting  the  edge  of  a  steel  plate, 
forming  a  comb,  which  is  arranged  with  its  teeth  projecting 
into  the  paths  of  the  pins  of  the  cyhnder,  which  are  dis- 
tributed around  and  along  the  cylinder  in  the  order  neces- 
sary to  secure  the  required  succession  of  tones.  The 
engagement  of  one  of  the  pins  of  the  cylinder  with  one  of 
the  tongues  raises  the  tongue,  which,  when  liberated,  vields 
the  note  due  to  its  position  in  the  comb. 

The  tongues  are  tuned  by  filing  or  scraping  them  at  their 
free  or  fixed  ends,  or  by  loading  them  at  their  free  ends.  In 
this  instrument  the  sonorous  vibrations  are  produced  by  the 
tongue,  which  itself  has  the  desired  pitch. 
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REEDS. 

In  reed  instruments  the  sounds  emitted  by  tbie  reeds  are 
greatly  strengthened  by  resonance.  The  mouth  organ  or 
harmonica  is  a  familiar  example  of  a  simple  reed  instrument 
without  accurately  adjusted  resonators. 
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The  Bugle. 

When  reeds  are  employed  in  connection  with  resonating 
pipes,  as  in  the  case  of  the  reed  pipes  of  an  organ,  the  pipe 
synchronizes  with  the  reed,  and  re-enforces  the  sound. 
When  the  reed  is  very  stiff,  it  commands  the  vibrations  of 
the  air  column,  and  when  it  is  very  ifexi-  fic  125. 

ble,  it  is  controlled  by  the  air  column. 

The  h(jrn  is  a  reed  instrument  in  which 
the  lips  act  as  reeds,  and  the  tapering  tube 
serves  as  a  resonator. 

LONGITUDINAL   VIBRATION    OF    RODS. 

The  foregoing  are  examples  of  the 
transverse  vibration  of  lods.  The  annexed 
figures  illustrate  apparatus  in  which  the 
longitudinal  vibration  of  rods  is  shown. 

By  grasping  a  steel  rod  at  the  center 
between  the  thumb  and  finger,  each  of  its 
two  ends  being  free,  and  striking  it  upon 
the  end  with  a  hammer,  the  rod  can  be 
made  to  yield  r.  sound  of  very  high  pitch. 
By  holding  one  end  firmly  in  a  vise,  and 
skillfully   rubbing   the    rod,   by  puUing   it 
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between  the  fingers  with  a  cloth  or  piece  of  leather  covered 
with  powdered  resin,  a  note  an  octave  lower  will  be  emitted. 
Marloye's  harp,  shown  in  Fig.   126,  depends  upon  the 
Fig.  126.  longitudinal     vibration     of 

rods.  This  instrument  con- 
sists of  a  number  of  pin  rods 
of  different  lengths  inserted 
in  a  sounding  box  or  solid 
block  of  wood,  and  tuned  by 
cutting  them  of!  at  such 
lengths  as  to  cause  them  to 
yield  the  notes  of  the  dia- 
tonic scale.  The  instrument 
is  played  by  rubbing  the 
rods  lengthwise  by  the 
thumb  and  finger  covered 
with  powdered  resin.  The 
sounds  produced  b}'  the 
instrument  resemble  those 
of  a  flute. 


PIPES. 


Marloye's  Harp, 
pipes    present    an    example 


The     ancient     Pandean 
oi   an  instrument  formed  of  a 
series  of  stopped  pipes  of   different  lengths.     These  pipes 

Fig.  127. 


Pindean   Pipes 

are  tuned  by  moving  the    corks  by  which  their  lower  ends 
are  stopped,  and  the  air  is  agitated  by  blowing  across  the 
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end  of  the  tubes.  The  flageolet  is  an  open  pipe  in  which 
the  air  is  set  in  vibration  by  blowing  a  thin  sheet  of  air 
through  the  slit  of  the  mouthpiece  against  the  thin  edge  of 
the  opposite  side  of  the  embouchure.  The  rate  of  the  flut- 
tering produced  by  the  air  striking  upon  the  thin  edge  is 
determined  by  the  length  of  the  pipe  of  the  instrument,  the 
length  being  varied  to  produce  the  different  notes,  by  open- 
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Flageolet. 

ing  or  closing  the  finger  holes.  By  comparing  the  flageolet 
with  the  Pandean  pipes,  it  is  found  that  for  a  given  note 
the  open  flageolet  pipe  must  be  about  twice  as  long  as  the 
Pan  pipe.  When  all  the  finger  holes  of  the  flageolet  are 
closed,  it  is  then  a  simple  open  pipe,  like  an  organ  pipe,  and, 
if  compared  with  the  Pan  pipe  yielding  the  same  note,  it  is 
found  to  be  just  twice  as  long  as  the  closed  pipe.     If,  while 
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Ocorina. 

the  holes  are  closed,  the  open  end  of  the  flageolet  pipe  be 
stopped,  the  instrument  will  yield  a  note  an  octave  lower 
if  the  blowing  be  very  gentle.  These  experiments  show  that 
the  note  produced  by  a  stopped  pipe  is  an  octave  below  the 
note  yielded  by  an  open  pipe  of  the  same  length,  and  the 
same  as  that  obtained  from  an  open  pipe  of  double  the  length. 
The  ocorina  is   a  curious  modern  instrument,  of  much 
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the  same  nature  as  the  flageolet.  It  is,  however,  a  stopped 
pipe,  and  shows  how  tones  are  modified  by  form  and 
material,  the  latter  being  clay.  It  produces  a  mellow  tone, 
something  like  that  of  a  flute. 

STRINGED   INSTRUMENTS. 

The  zither,  no^v  made  in  the  form  of  an  inexpensive  and 
really  serviceable  toy,  originated  in  the  Tyrol.  It  consists 
of  a  trapezoidal  sounding  board,  provided  with  bridges, 
and  having  24  wire  strings. 

Its  tones  are  harp-like,  and  with  it  a  proficient  player 
can  produce  agreeable  music.     Much  of  the  nature  of  the 

Fig.   130. 


Zither. 

vibration  of  strings  may  be  exhibited  by  means  of  this  instru- 
ment. On  damping  one  of  the  strings  by  placing  the  finger 
or  a  pencil  lightly  against  its  center,  and  vibrating  the  string, 
at  the  same  time  removing  the  pencil,  the  string  will  yield 
a  note  which  is  an  octave  higher  than  its  fundamental  note. 
By  examining  the  string  closely,  it  will  be  ascertained 
that  at  the  center  there  is  apparently  no  vibration,  while 
between  the  center  and  the  ends  it  vibrates.  The  place  of 
least  vibration  at  the  center  of  the  string-  is  the  node,  and 
between  the  node  and  the  ends  of  the  strings  are  the  venters. 
It  will  thus  be  seen  that  the  string  is  practically  divided 
into  two  equal  vibrating  segments,  each  of  which  produces 


SOUND. 


125 


a  note  an  octave  higher  than  that  of  the  open  string.  That 
the  note  is  an  octave  higher  than  the  fundamental  note 
may  be  determined  by  comparing  it  with  the  note  of  the 
string  which  is  an  octave  above  in  the  scale  of  the  zither. 

By  damping  the  string  at  the  end  of  one-fourth  of  its 
length,  the  remaining  portion  of  the  string  divides  itself  into 
three  ventral  segments,  with  two  nodes  between. 

The  division  of  the  string  into  nodes  and  venters  occurs 
whenever  the  string  is  vibrated,  and  all  of  the  notes  other 
than  the  fundamental  are  known  as  harmonics,  and  impart 
to  the  sound  of  the  string  its  quality. 

By  tuning  the  first  two  strings  in  unison,  the  vibration 
of  one  string  by  sj'mpathj^  with  the  other  string  ma}'  be 
shown. 

CONDUCTION    OF    SOUND. 


Fig.   131. 


The  string  telephone,  although  not  a  musical  instriiment, 
nor  even  a  sound  producer,  exhibits  an  interesting  feature 
in  the  conduction  of  sounds.  It  consists  of  two  short  tubes 
or  mouthpieces,  each  covered  at  one  end  with  a  taut  parch- 
ment diaphragm,  the  two  dia- 
phragms being  connected 
with  a  stout  thread.  By 
stretching  the  thread  so  as  to 
render  it  taut,  a  conversation 
may  be  carried  on  over  quite 
a  long  distance,  b)'  talking  in 
one  instrument  and  listening 
at  the  other.  The  vibration 
of  one  diaphragm,  due  to  the 
impact  of  sound  waves,  is 
transmitted  to  the  other  dia- 
phragm by  the  thread.  String  Telephone. 

In  the  toys  illustrated  we  have  a  representative  of  the 
Savart's  wheel  in  the  buzz  ;  of  the  pipe  organ  in  the  Pan 
pipes,  the  flageolet,  and  the  mouth  organ ;  of  band  instru- 
ments in  the  bugle;  and  of  the  piano,  harp,  and  other 
stringed  instruments  in  the  zither. 
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HARMONIC   VIBRATIONS. 


Impulses  which,  occurring  singly  or  at  irregular  inter- 
vals, are  incapable  of  producing  any  noticeable  effects  may, 
when  made  regularly,  under  favorable  circumstances,  yield 
astonishing  results.  The  rattling  of  church  windows  by  air 
waves  generated  by  a  particular  pipe  of  the  organ,  a  bridge 
strained  or  broken  by  the  regular  tramp  of  soldiers  or  b}' 
the  trotting  of  horses,  the  vibration  of  a  six  or  eight  story 
building  b}'  a  wagon  rumbling  over  the  pavement,  a  factory 
vibrated  to  a  dangerous  degree  by  machinery  contaijied 
within  its  walls,  a  mill  shaken  from  foundation  to  roof  by 
air  waves  generated  by  water  falling  over  a  dam,  are  all 
familiar  examples  of  the  power  of  regular  or  harmonic 
vibrations. 

Harmonic  vibrations  result  from  regularly  recurring 
impulses,  which  may  be  very  slight  indeed,  but  when  the 
effects  of  the  impulses  are  added  one  to  another,  the  accum- 
ulation of  power  is  sometimes  ver3'  great. 

To  secure  cumulative  effects,  the  impulses  must  not  only 
be  regular  in  their  occurrence,  but  the  bodj'  receiving  the 
impulses  must  be  able  to  respond,  its  vibratory  period  must 
correspond  with  the  period  of  the  impulses,  and,  further 
than  this,  the  impulses  must  bear  a  certain  relation  to  a  par- 
ticular phase  of  the  vibration,  in  order  that  they  may  act 
upon  the  vibrating  body  in  such  a  way  as  to  augment  its 
motion  rather  than  diminish  it. 

There  are  railroad  bridges  that  vibrate  alarmingly  when 
crossed  by  locomotives  running  at  a  certain  speed,  the 
vibrations  being  caused  by  the  comparatively  slight  lack  of 
balance  in  the  driving  wheels  and  connecting  rods.  For 
this  reason  the  speed  is  restricted  on  such  bridges. 

During  the  early  tests  of  the  East  River  bridge  between 
New  York  and  Brooklyn,  it  was  found  that  the  structure 
was  so  massive  and  its  vibratory  period  so  slow  that  it  could 
not  be  injuriously  affected  by  the  marching  of  men  or  the 
trotting  of  horses;  consequently,  travel  proceeds  on  this 
bridge  as  upon  any  highway. 

A  well  known  English  physicist  is  reported  to  have  said 
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that  with  suitable  appliances  he  could  break  an  iron  girder 
by  pelting  it  with  pith  balls.  An  experiment  of  this  kind 
would  certainly  show  in  a  striking  manner  the  effects  of 
very  slight  rhj^thmic  impulses.  As  it  is  manifestly  imprac- 
ticable to  perform  such  an  experiment,  an  easier  method  of 
illustrating  harmonic  vibrations  must  be  sought. 

In  the  accompanying  engravings,  Fig.  132  shows  how  a 
bar  of  steel  may  be  set  in  active  vibration  by  drops  of  water. 
The  bar  is  supported  at  nodal  points  upon   angular  pieces 

Fig     132 
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Harmonic  Vibration. 

of  wood.  Above  the  center  of  the  bar  is  arranged  a  faucet, 
which  communicates  with  the  water  supply.  The  bar  is 
first  vibrated  by  hand,  and  the  faucet  is  adjusted  so  that  the 
water  drops  in  unison  with  the  vibrations  of  the  bar.  The 
motion  of  the  bar  is  then  stopped,  and  the  water  is  allowed 
to  drop  on  it.  The  bar  soon  begins  to  vibrate,  and  in  a 
short  time  the  vibration  acquires  considerable  amplitude. 
In  Fig.  133  is  shown  an  experiment  in  which  the  intermit- 
tent pull  of  an  electro-magnet   is   made  to  accomplish   the 
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same  thing.  In  this  case  the  steel  bar  forms  a  part  of  the 
circuit.  The  magnet  is  provided  with  a  Hght  wooden 
spring-pressed  arm,  carr3ang  a  contact  point  and  a  con- 
ductor. This  arm  is  arranged  to  follow  the  bar  up  and  down 
through  the  upper  half  of  its  excursion,  breaking  the  contact 
at  the  median  position  of  the  bar.  The  magnet  becomes 
alternately  magnetized  and  demagnetized,  and  the  bar  is 
alternately  pulled  down  and  released.  The  bar  used  in 
these  experiments  is  I  inch  thick,  i^  inches  wide,  and  8  feet 


Fi(..   133. 


Vibration  by  Magnetic  Impulse. 

long.  A  much  larger  bar  might  be  used.  Without  doubt, 
even  an  iron  girder  of  great  size  and  weight  might  be  set  in 
active  vibration  by  the  same  means. 

SIMPLE    SOUND    RECORDER. 

In  Fig.  134  is  shown  a  simple  device  for  recording 
sounds  autographically.*  The  propelling  of  the  smoked 
plate  under  the  stylus  is  accomplished  by  simply  inclining 
the  support  of  the  plate  and  allowing  the  plate  to  slide  off 
quickly  by  its  own  gravity. 

This  apparatus  consists  of  a  wooden  mouthpiece  like 
that  of  a  telephone,  with  a  parchment  diaphragm  glued  to 
its  back,  and  provided  with  a  tracing  point,  which  is  slightly 
inclined  downward  toward  the  guide  for  the  plate. 

This  tracing  point  is  a  common  sewing  needle,  having  its 
pointed  end  bent  downward.     It  is  cemented  at  the  eye  end 

*  See  also  chapter  on  projection. 
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to  the  center  of  a  diaphragm  by  a  drop  of  sealing  wax. 
The  mouthpiece  is  attached  to  a  base  supporting  the  cross- 
piece  upon  which  the  smoked  plate  is  placed. 

A  thin  strip  of  wood  fastened  by  two  common  pins^one 
at  each  end — serves  as  a  guide  for  the  smoked  plate. 

To  prevent  the  tracing  point  from  being  deffected  later- 
ally by  the  moving  glass,  a  needle  is  driven  down  into  the 
baseboard  in  contact  with  the  tracing  point. 


Fig.   134. 


Recorder  for  Sound  Vibrations. 

A  very  thin  rubber  band  is 
slipped  over  the  tracing  point 
and  drawn  down  through  a 
small  hole  in  the  baseboard,  as 
shown  in  Fig.  135,  until  the 
necessary  tension  is  secured  for  keeping  the  point  in  delicate 
but  continuous  contact  with  the  smoked  plate. 

The  best  plates  for  the  purpose  of  making  the  tracings 
are  the  microscope  slide  glasses  with  ground  edges.  They 
may  be  readily  smoked  over  a  gas  jet  turned  down  quite 
small,  or  over  a  candle  or  kerosene  lamp.  The  flame  in  any 
case  should  be  small  and  the  film  of  smoke  fine  and  very  thin. 
The  smoked  plate  is  placed  on  the  support  and  against 
the  euide  and  under  the  needle,  and  the  instrument  is 
incHned  until  the  plate  rests  against  the   guide.     Now   the 
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mouth  is  placed  near  the  mouthipece,  and  a  vowel  is  uttered, 
while  the  instrument  is  inclined  sidewise  at  a  sufficient  angle 
to  permit  the  glass  to  slide  off  quickly.  Of  course  the  glass 
should  fall  only  a  very  short  distance,  and  it  is  well  to  pro- 
vide a  soft  surface  for  it  to  alight  on. 

If  all  this  is  done  with  the  slightest  regard  for  precision, 
a  beautiful  tracing  will  be  secured,  which  will  show  the  com- 
posite nature  of  each  sound  wave.  The  regularit}'  and  uni- 
formity of  the  entire  tracing  is  surprising,  considering  the 
comparatively  crude  means  emplo3^ed  in  producing  it. 

The  beginning  of  the  sinuous  line  is  somewhat  imperfect, 
owing  to  the  slow  initial  movement  of  the  plate  in  its 
descent,  but  the  greater  portion  is  perfect. 

After  having  made  one  line,  the  pins  holding  the  guide 
are  moved  forward,  placing  the  guide  in  a  new  position, 
when  the  operation  of  tracing  may  be  repeated  with  another 
vowel.  Monosyllables  and  short  words  may  be  recorded. 
If  the  plate  is  made  long  enough,  it  will,  of  course,  receive 
an  entire  sentence. 

These  tracings  ma}-  be  covered  with  a  second  micro- 
scopic glass  plate  to  protect  them,  or  they  maj-  be  mounted 
as  a  microscopic  object  for  a  low  power  by  putting  a  thin 
cover  over  them  in  the  usual  way.  Used  as  lantern  slides, 
they  give  fine  results. 

VIBRATING    FLAMES.* 

The  most  pertect  exhibition  of  vibrating  flames  can  be 
ade  only  with  expensive  apparatus ;  but  the  student  can 
get  very  satisfactory  results  by  the  employment  of  such 
things  as  are  shown  in  Fig.  136.  A  candle,  a  rubber  tube, 
an  oblong  mirror,  and  a  piece  of  thread  are  the  only  requi- 
sites, excepting  the  support  for  the  mirror — which  in  the 
present  case  consists  of  a  pile  of  books — and  a  little  paper 
funnel  inserted  in  the  end  of  the  rubber  tube  and  forming 
the  mouthpiece. 

The  thread  is  tied  around  opposite  ends  of  the  oblong 
mirror,  and  the  mirror  supported  by  passing  the  thread 
through  the  upper  book  of  the  pile,  which  juts  over  to  allow 
*  See  also  chapter  on  experiments  with  scientific  top. 
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the  mirror  to  swing  freely  without  touching  the  books. 
The  mirror  is  made  to  vibrate  in  a  horizontal  plane  b}^ 
giving  it  a  twisting  motion.  One  end  of  the  rubber  tube  is 
placed  very  near  the  base  of  the  candle  flame,  and  the  other 
end,  which  is  provided  with  the  paper  mouthpiece,  is  placed 
before  the  mouth  and  a  sound  is  uttered  which  causes  the 
air  contained  by  the  rubber  tube  to  vibrate  and  impart  its 
motion  to  the  candle  flame.  The  vibratory  character  of  the 
flame  is  not  noticeable  by  direct  observation,  but  on  view- 
ing the  flame  in  the  swinging  mirror,  separate  images  of 

Fig.  136. 


Simple  Method  of  Producing  and  Viewing  Vibrating  Flames. 


the  flame  will  be  seen.  These  images  are  combined  in  a 
series  which,  with  a  certain  degree  of  accuracy,  represent 
the  sound  waves  by  which  the  fluctuations  of  the  flame  are 
produced. 

To  show  that  these  images  result  from  a  vibrating  flame, 
it  is  only  necessary  to  view  the  flame  in  the  mirror.  When 
no  sound  is  made  in  the  mouthpiece,  only  a  plain  band  of 
light  will  be  seen. 

A  somewhat  more  convenient  arrangement  of  mirrors  is 
shown  in  Fig.  137.  In  a  baseboard  is  inserted  a  wire,  one- 
eigrhth  inch  or  more  in  diameter  and  about  a  foot  long.     On 
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this  wire  is  placed  an  ordinary  spool,  and  above  the  spool  a 
thin  apertured  board  (shown  in  the  detailed  view),  the  board 
being  about  8  inches  long  and  6  inches  wide.  The  board  is 
perforated  edgewise  to  receive  the  wire.  In  the  upper  edge 
of  the  board,  half  way  between  the  center  and  end,  is  in- 
serted a  wire,  upon  which  is  placed  a  small  spool,  serving  as 

Fig.  137. 
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Rotating  Mirror. 


a  crank  bv  which  to  turn  the  board.  Upon  opposite  sides 
of  the  board  are  placed  mirrors  of  a  size  corresponding  to 
that  of  the  board,  the  mirrors  being  secured  to  the  board 
by  strips  of  paper  or  cloth  pasted  around  the  edges.  The 
image  of  the  flame  is  viewed  in  the  mirrors  as  they  are 
revolved. 

SPEAKING    FLAME. 

The  speaking  flame  apparatus  shown  in  the  annexed 
engravings  is  based  on  the  principle  of  the  annular  burner 
often  used  in  producing  the  oxyhydrogen  light,  the  prin- 
cipal difference  being  in  the  diminished  annular  orifice.  The 
construction  of  the  burner  is  clearl}'  shown  in  Fig.  138,  the 
detached  illustration  being  an  enlarged  sectional  view  of  the 
end  of  the  burner.  Gas  is  taken  through  the  central  tube, 
and  the  flexible  speaking  tube  is  connected  with  the  outer 
tube  of  the  burner.  When  the  apparatus  is  used  for  pro- 
ducing musical  and  articulate  sounds,  a  resonator  is  attached, 
as  shown  in  Fig.  138.  In  this  figure  the  resonator  is  broken 
away  to  show  its  position  relative  to  the  burner. 

By  screwing  the  cap  of  the  burner  up  or  down,  an  adjust- 
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ment  may  be  secured  which  will  cause  the  flame  to  repro- 
duce any  sounds  uttered  in  the  mouthpiece  attached  to  the 
flexible  speaking-tube.  With  a  fine  adjustment  articulate 
speech  or  any  note  of  the  musical  scale  within  the  compass 
of  the  human  voice  may  be  reproduced  by  the  flame. 

The  slight  air  waves  which  reach  the  burner  through  the 
flexible  pipe  act   directly  upon  the  base  of  the  flame ;  this 

Frc.  13S. 


The  Speaking   Flame. 

portion  of  the  flame  being  more  sensitive  to  disturbing 
influences  than  any  other.  This  fact  has  been  determined 
by  experiments  on  sensitive  flames,  such  as  are  described 
further  on.  Bv  speaking  in  the  mouthpiece  while  the  gas 
is  cut  off  from  the  burner,  it  is  found  that  no  sound  pro- 
ceeds from  the  burner,  thus  showing  conclusively  that  the 
sounds  are  produced  by  the  flame. 
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Vibrating  Flame  Apparatus. 
Fig.  140. 


Circular  Mirror. 


SOUND. 
Figs.  141  to  144. 
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With  a  continuous  speaking-tube  explosive  sounds  are 
liable  to  extinguish  the  ilame,  but  this  difficult)-  ma_y  be 
avoided  by  cutting  a  longitudinal  slit,  an  inch  or  so  in  length, 
in  the  speaking-tube  near  the  mouthpiece. 

When  sounds  are  uttered  in  the  mouthpiece  with  suffi- 
cient intensity  to  cause  the  flame  to  respond  audibly,  the 
sound  waves  induce  longitudinal  vibrations  of  the  flame, 
which  produce  sounds  varying  in  pitch  and  intensity  with 
those  uttered  in  the  mouthpiece. 

In  Fig.  1 39  is  shown  a  method  of  analyzing  the  vibrating 
flame.  Bv  means  of  a  revolving  mirror  an  image  of  each 
separate  flame  may  be  seen.  In  fact,  the  results  are  identical 
with  those  secured  by  Koenig's  manometric  capsule. 

A  circular  mirror  mounted  obliquely  on  a  spindle,  as 
shown  in  Fig.  140,  so  that  it  will  wabble,  is  effective  in  ana- 
lyzing these  flames.  The  image  in  this  case  has  a  crown- 
like appearance. 

In  the  experiment  here  shown  a  flute  is  employed  as  the 
source  of  sound. 

In  Figs.  141,  142,  143,  and  144  are  illustrated  some  of 
the  flame  images  seen  in  the  revolving  mirror. 

COMPOSITION    OF   VIBRATIONS. 

The  optical  method  of  studying  sonorous  vibrations  has 
the  advantage  over  other  methods  in  being  of  interest  not 
onlv  to  the  student  of  acoustics,  but  also  to  those  who  care 
onlv  for  beautiful  effects  and  have  no  regard  for  the  lessons 
they  teach. 

As  incidental  to  scientific  work,  the  effect  of  beautiful 
experiments  on  the  latter  class  mav  be  worth  a  little  con- 
sideration, as  it  not  infrequentlv  happens  that  the  mere 
onlooker  is  lured  into  the  paths  of  science   by  such    means. 

Among  ph^'sical  experiments,  none  are  more  attractive 
or  instriictive  than  those  connected  with  the  subject  of 
sound.  The  experiments  of  M.  Lissajous  are  particularly 
interesting,  but  when  the  figures  are  produced  by  the  appa- 
ratus employed  by  Lissajous,  a  costly  set  of  instruments  wfll 
be  required. 
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In  the  annexed  engraving  are  shown  two  pieces  of  appa- 
ratus for  producing  these  figures;  that  shown  in  Fig.  145 
being  quite  inexpensive,  that  shown  in  Fig.  146  being  a  little 


more  costl}-,  and,  at  the  same  time,  more  efficient  in  its  per- 
formance. 

The  device  shown  in  Fig.  145  consists  essentially 
of  two  plane  mirrors,  supported  by  torsional  bands  of  rub- 
ber,   one    being    supported    so    as    to    vibrate  in  a  vertical 
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plane,  the  other  in  a  horizontal  plane,  the  mirrors  being 
arranged  with  respect  to  each  other  so  that  the  light  re- 
ceived bv  one  mirror  will  be  reflected  upon  the  face  of  the 
other  mirror,  by  which  it  will  in  turn  be  projected  through 
a  double  convex  hand  glass  of  long  focus,  to  be  finally 
received  on  the  wall  or  screen. 

The  mirrors  employed  in  the  construction  of  this  instru- 
ment are  the  small,  inexpensive  circular  pocket  mirrors  sold 
on  the  street  corners.  They  are  about  i  .|  inches  in  diame- 
ter. To  adapt  them  for  use,  a  strip  of  tin,  having  its  ends 
curled  up  to  form  hooks,  is  secured  to  the  back  of  each  mir- 
ror by  means  of  sealing  wax. 

A  baseboard  provided  with  three  standards  supports  the 
mirrors  in  the  position  of  use.  In  one  of  the  posts  near  the 
top  are  inserted  two  ordinary  wire  hooks,  and  near  the  bot- 
tom are  inserted  two  similar  hooks.  Rubber  bands  received 
in  these  hooks  are  inserted  in  the  hooked  ends  of  the  strip 
of  tin  attached  to  the  back  of  the  mirror.  Several  wire 
nails  are  driven  into  the  face  of  the  standard,  for  conven- 
ience in  increasing  or  diminishing  the  tension  of  the  rubber 
bands,  the  bands  being  drawn  forward  between  the  hooks 
and  slipped  over  one  or  the  other  of  the  nails  to  increase 
the  tension. 

The  mirror  thus  mounted  on  the  vertical  rubber  bands 
will,  when  struck  lightly,  vibrate  in  a  horizontal  plane.  To 
change  the  rate  of  vibration,  a  weight  is  attached  to  the 
back  of  the  mirror  by  means  of  beeswax.  In  the  present 
case  the  weight  consists  of  a  piece  of  wire  about  6  inches 
long.  By  varying  the  position  of  the  wire  on  the  mirror, 
i.  c,  by  placing  it  at  different  angles  with  the  rubber  bands 
that  support  the  mirror,  the  rate  of  vibration  may  be  greatly 
varied. 

The  second  mirror  is  mounted  in  substantially  the  same 
way,  the  only  difference  being  that  the  rubber  bands  are 
arranged  horizontally,  and  supported  by  two  posts  instead 
of  one.  This  mirror  vibrates  in  a  vertical  plane,  and  its  rate 
of  vibration  is  changed  in  the  manner  above  described.  A 
candle  or  other  source  of  light  is  arranged  so  that  the  light 
from  it  will  fall  on  one  mirror  and  be  reflected  to  the  other 
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mirror,  which  in  turn  will  project  it  through  the  lens  to  the 
wall.  When  the  mirrors  are  set  in  vibration,  a  figure  of 
more  or  less  complicated  character  will  be  produced  upon 
the  wall.  If  the  two  mirrors  vibrate  in  unison,  a  straight  line, 
or  an  ellipse,  or  a  circle  will  be  produced.  If  one  mirror 
vibrates  twice  as  fast  as  the  other,  the  figure  will  have  the 
form  of  figure  8.  The  figures  may  be  varied  to  an  almost 
unlimited  extent  by  changing  the  tension  of  the  rubber 
bands,  and  by  shifting  the  wire  weights.  As  the  various 
figures  which  may  be  produced  are  illustrated  in  most 
works  on  physics  and  on  sound,  it  will  be  unnecessary  to 
illustrate  them  here. 

The  apparatus  shown  in  Fig.  146  will  now  be  understood 
with  little  explanation,  as  the  principle  on  which  it  operates 
is  the  same  as  that  of  the  more  simple  form.  The  mirrors 
are  each  supported  by  two  parallel  steel  wires,  which  are 
really  but  parts  of  the  same  wire.  The  extremities  of 
the  wire  are  securely  fastened  in  the  T-shaped  head  of  a 
bolt,  which  in  the  case  of  the  horizontal  wires  extends 
through  one  of  the  posts,  and  receives  a  milled  nut,  by 
which  the  tension  of  the  wires  may  be  varied. 

The  wire  at  its  mid-length  passes  around  a  small  sheave 
in  the  other  post,  so  that  as  the  wire  is  tightened  the  ten- 
sion of  its  two  branches  will  be  equalized.  The  vertical 
wires  are  supported  in  the  same  Avay  by  studs  projecting 
from  the  central  post — the  lower  stud  being  provided  with  a 
sheave  for  receiving  the  wire,  the  upper  stud  being  mor- 
tised for  receiving  the  tension  screw. 

The  mirrors  are  attached  by  small  clamps  which  embrace 
both  wires,  and  the  arms  supporting  the  adjustable  weights 
are  pivoted  to  the  clamps.  The  weights  may  be  swung  in 
the  plane  of  the  mirror,  and  they  are  made  adjustable  on 
their  supporting  arms. 

The  best  illumination  aside  from  sunliglit  is  that  of  a 
small  parallel  beam  from  an  oxyhydrogen  or  electric  lan- 
tern. The  apparatus  may  he  coarsely  adjusted  by  turning 
the  weighted  arms  on  their  pivots,  and  a  finer  adjustment 
may  be  secured  by  increasing  or  diminishing  the  tension  of 
the  wires. 
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RE-ENFORCEMENT    UF    SOUND. 

The  re-enforcement  of  sounds  by  the  vibration  of  con- 
fined masses  of  air  may  be  readily  investigated  without 
apparatus,  that  is,  such  apparatus  as  is  commonly  employed 
in  acoustical  experiments.  A  very  simple  experiment  illus- 
trating the  fact  that  a  sound  may  be  strengthened  by  a 
confined  body  of  air  is  iUustrated  in  Fig.   147.     The  only 

Fig.  147. 
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Re-enforcement  of  Vocal  Sounds. 


requisite  for  tnis  experiment  is  a  paper  tube  16  or  18  inches 
long  and  about  3  inches  in  diameter,  or,  in  the  absence  of 
such  a  tube,  a  sheet  of  thick  paper  rolled  into  a  tube  will 
answer.  This  tube  should  be  held  with  one  end  near  the 
mouth,  the  opposite  end  being  closed  by  the  palm  of  the 
hand.  By  making  a  sound  continuously  with  the  voice, 
gradually  rising  in   pitch,  for  example  by  singing   O,   with 
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the  voice  rising  from  the  lowest  note  it  is  capable  of  making, 
toward  the  highest  note,  a  point  will  be  found  where  the 
.sound  is  largely  increased.  This  increase  of  sound  will 
occur  at  the  same  point  in  the  scale  each  time  the  experi- 
ment is  tried  with  the  same  tube,  thus  showing  that  the 
dimensions  of  the  tube  are  in  some  way  related  to  the  re-en- 
forced note,  and  to  that  only.  It  will  also  be  noticed  that 
the  vibrations  of  the  air  in  the  resonant  tube  not  only  affect 

Fig.   148. 


Selective  Power  of  a  Resonant  Vessel. 


the  auditory  apparatus,  but  also  have  sufficient  power  to  be 
plainly  perceptible  to  the  sense  of  touch,  the  vibrations  being 
felt  by  the  hand. 

Another  very  simple  experiment  showing  the  same  phe- 
nomenon in  a  different  way  is  illustrated  in  Fig.  148.  In  this 
case  the  resonant  vessel  consists  of  a  vase.  Any  vessel  of 
substantially  the  same  form  may  be  used.  The  size  is  not  very 
material,  but  by  making  several  trials  of  different  vessels  a 
particular  one  will  be  found  which  will  yield  better  results 
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than  others  on  account  of  being  of  the  correct  dimensions. 
The  experiment  consists  in  holding  the  vase  obHquely  in 
close  proximity  to  the  ear,  then  running  the  chromatic  scale 
upon  any  instrument  having  sufficient  range,  preferably  upon 
a  piano  or  organ.  Some  note  of  the  scale  will  sound  much 
louder  than  any  of  the  others.  By  tilting  the  vase  slightly 
in  one  direction  or  the  other,  so  as  to  cause  the  ear  to  partly 
close  the  mouth  of  the  vase,  the  resonant  qualities  may  pos- 
sibly be  improved,  as  the  movement  of  the  vase  in  this  man- 
ner amounts  to  tuning  the  resonator. 

In  Fig.  149  is  represented  an  experiment  in  which  the 
mouth  is  emplo3'ed  as  a  resonator,  and  an  ordinary  tea  bell 
as  the  source  of  the  sound.  The  tuning  is  effected  by  mov- 
ing the  tongue  back  and  forth,  also  by  opening  or  closing 
the  lips.  By  a  few  trials  a  position  of  the  mouth  will  be 
found  which  will  cause  it  to  respond  to  the  sound  of  the  bell 
and  act  as  an  efficient  resonator. 

The  familiar  instrument  shown  in  Fig.  150  is  used  in  con- 
nection with  the  mouth  as  a  resonator.  In  this  example  the 
reed  of  the  Jew's  harp  is  made  to  yield  a  variety  of  tones, 
dependent  upon  the  adjustment  of  the  mouth  and  the  force 
of  the  breath.  The  fundamental  note  of  the  reed  is  the 
clearest  and  best,  and  always  distinctly  heard.  The  forced 
overtones  are  less  satisfactory,  but  suffice  for  playing  tunes 
that  are  recognizable. 

The  experiment  with  the  bell,  represented  in  Fig.  151,  is 
very  striking,  and  is  easily  performed.  The  bell  is  simply 
an  old  fashioned  clock  bell  or  gong  fastened  on  the  end  of 
a  small  wooden  handle  by  a  common  wood  screw.  The 
resonator  is  a  paper  tube  of  about  two-thirds  the  diameter 
of  the  bell,  provided  with  a  movable  portion  or  diaphragm, 
as  shown  at  A.  Although  the  bell  may  be  set  in  vibration 
by  rapping  it  with  the  knuckles  or  striking  it  with  a  large 
sized  rubber  eraser,  it  may  be  more  satisfactorily  sounded 
by  drawing  a  well  resined  bow  over  its  edge.  The  bell  is 
held  over  the  mouth  of  the  paper  tube,  and  the  diaphragm 
is  moved  up  or  down  in  the  tube  until  a  position  is  reached 
in  which  the  bell  will  yield  a  full  tone,  which  is  much  louder 
than  it  is  capable  of  giving  when  used  without  the  resona- 
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tor.     The  diaphragm  is  then  fastened  by  means  of  sealing- 
wax  or  glue. 

To  re-enforce  one  of  the  overtones  of  the  bell,  the  oppo- 
site end  of  the  tube  is  gradually  shortened  b}'  paring  off 
narrow  strips  from  its  edge  until  it  responds  to  the  high 
tone  which  the  bell  is  capable  of  giving  out  when  bowed  in 
a  particular  way.  Now,  by  causing  the  bell  to  vibrate 
strongly  and  placing  it  near  opposite  ends  of  the  resonator 
in  alternation,  it  will  be  found  that  the  deeper  cavity  will 
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The  Mouth  used  as  a  Resonator. 


E.xperiment  with  the  Jew's  Harp 


respond  only  to  the  grave  note  of  the  bell,  while  the  shal- 
lower cavity  will  re-enforce  only  the  overtone  to  which  it  is 
tuned.  In  this  experiment  it  will  be  found  a  little  more 
convenient  to  have  separate  resonators  for  the  different 
tones. 

In  Fig.  152  is  shown  an  experiment  which  is  substan- 
tially the  same  as  that  just  described  in  connection  with  the 
bell.  In  this  case  two  tuning  forks,  A  and  C,  are  used  as 
sound  producers,  and  to  each  fork   is  adapted  a   resonator 
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Bell  and  Resonator. 
Fig    152. 


Tuning  Forks  and   Resonant  Tubes. 
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consisting  of  a  paper  tube  about  f  inch  in  diameter  and  8  or 
10  inches  long.  Each  tube  is  tuned  to  the  fork  in  connec- 
tion with  which  it  is  to  be  used  bj-  inserting  a  cork  and  mov- 
insT  it  until  the  lenofth  of  the  inclosed  air  column  is  such  as  to 
respond  to  the  fork.  It  will  be  found  that  the  A  resonator 
will  respond  only  to  the  A  fork,  and  the  C  resonator  will 
re-enforce  only  the  sound  of  the  C  fork. 

In  all  these  cases  the  resonant  tube  or  cavity  corre- 
sponds in  depth  to  about  one-quarter  of  a  wave  length  of 
the  particular  sound  which  it  is  adapted  to  re-enforce.  The 
wave  proceeding  from  the  sounding  bod}'  strikes  the  bottom 
of  the  resonant  chamber  and  is  reflected  back  in  time  to  pro- 
ceed with  the  other  half  of  the  wave  moving  in  the  opposite 
direction,  greatly  augmenting  its  volume. 

The  combination  of  two  series  of  sound  waves  may  be 
made  to  produce  silence  if  the  relation  of  the  two  series  be 
such  that  the  air  condensations  of  one  series  coincide  Avith 
the  rarefactions  of  the  other  series.  This  may  be  demon- 
strated by  holding  a  tuning  fork  over  its  appropriate  reso- 
nator and  turning  it  until  the  plane  of  vibration  of  the  fork 
is  at  an  angle  of  45°  with  the  axis  of  the  resonating  tube. 
By  placing  the  fork  in  the  same  position  relative  to  the  ear, 
the  same  phenomenon  may  be  observed  without  the  resonator. 

MUSICAL   FLAMES. 

The  experiments  of  Tyndall  and  others  on  sounding 
flames  are  so  interesting  and  so  easily  repeated  with  ver}^ 
simple  appliances,  that  the  student  of  physics,  particularly 
in  the  department  of  acoustics,  should  not  fail  to  repeat 
them.  The  production  of  musical  sounds  by  means  of 
flames  inclosed  in  resonant  tubes  is  especially  easy.  One 
form  of  this  experiment  is  illustrated  by  Fig.  153. 

For  the  mere  production  of  sounds,  a  metal  tube  wiU 
ansAver,  but  for  the  analysis  of  the  flame  by  which  the  sound 
is  produced,  a  glass  tube  will  be  required.  This  tube, 
whether  of  metal  or  glass,  may  be  40  inches  long  and  one 
inch  internal  diameter.  It  should  be  supported  in  a  fixed 
vertical  position  in  a  suitable  support,  a  filter  support,  for 
example.     In  a  lower  arm  of  the  support  is  placed  a  glass 


SOUND. 


147 


tube  three-eighths  inch  in  diameter,  having  its  upper  end 
drawn  t(j  a  small  circular  aperture,  which  will  allow  suffi- 
cient gas  to  escape  to  form  a  pointed  flame  about  2^  inches 


Fir,.    153. 


Production  01  Sounding  Flames. 


in  height.  The  tube  is  drawn  down  by  heating  it  near  one 
end  until  it  softens,  by  continually  turning  it  in  a  gas  flame, 
then  quickly  removing  it  from  the  flame,  and  drawing  it  out 
as  far  as  possible.     By  making  a  nick  with  a  hne  file  in  one 
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side  of  the  tube,  at  a  point  where  it  is  about  one-sixteenth 
inch  in  diameter,  the  tube  may  be  broken  squarely.  It  may 
then  be  tried  as  a  burner.  If  the  flame  3-ielded  by  gas  at 
full  pressure  is  less  than  two  inches  in  length,  the  tube 
should  be  again  broken  off  at  a  point  where  it  is  a  little 
larger  in  diameter,  and  if  the  opening  happens  to  be  too 
large,  it  may  be  reduced  by  holding  the  extreme  end  of  the 
tube  in  a  gas  flame  until  it  partly  fuses,  when  it  will  contract. 

The  small  glass  tube  is  connected  with  the  gas  supplj^, 
and  the  jet  is  lighted  and  inserted  centrally  in  the  larger 
tube,  and  moved  slowly  upward  in  the  tube  until  a  clear 
musical  note  is  heard.  If  the  flame  is  full  size,  the  note  will 
be  the  fundamental  note  of  the  tube.  By  turning  off  the  gas 
so  as  to  make  the  flame  three-fourths  to  one  inch  high,  and 
again  inserting  the  burner  in  the  tube,  a  point  will  be  found 
between  its  former  position  and  the  lower  end  of  the  tube 
at  which  a  tone  of  higher  pitch  will  be  heard.  This  is  one 
of  the  harmonics.  If  the  burner  with  the  small  flame  be 
carried  further  upward  into  the  tube,  a  point  will  be  reached 
where  both  the  fundamental  and  harmonic  will  be  produced 
simultaneously.  These  tones  are  produced  by  rapidly  re- 
curring vibrations  of  the  flame,  which  are  rendered  uniform 
by  the  vibratory  period  of  the  column  of  air  contained  in 
the  tube. 

There  are  two  methods  of  analyzing  these  flames.  One 
consists  in  simply  shaking  the  head,  or  quickly  rolling  the 
eyes  from  side  to  side,  thereby  enabling  the  eye  to  receive 
the  impressions  of  the  successive  flames  in  different  positions 
on  the  retina.  The  other  consists  in  viewing  the  image  of 
the  flame  in  a  revolving  or  oscillating  mirror.  By  holding 
a  looking  glass  in  the  hand,  opposite  the  flame,  as  shown  in 
the  engraving,  and  oscillating  the  glass,  what  appears  to  be 
a  single  flame  in  the  tube  will  be  shown  in  the  mirror  as  a 
succession  of  flames  of  like  form  connected  at  their  bases. 

Another  way  of  showing  the  periodic  character  of  the 
flame  consists  in  revolving  a  disk  having  alternating  radial 
bands  of  black  and  white,  in  proximity  to  the  tube,  so 
that  the  disk  is  illuminated  only  by  the  light  of  the  inter- 
mittent flame.     When  the  disk  attains  a  proper  speed,  the 
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intermittent  illumination  will  cause  it  to  appear  stationary. 
This  beautiful  experiment  is  due  to  Toepler. 

By  employing  a  concave  mirror  instead  of  a  plane  one 
as  described  above,  the  image  of  the  flame  may  be  projected 
upon  a  screen. 

A    SIMPLE    PHONOGRAPH. 

This  instrument,  which  is  shown  in  perspective  in  Fig. 
154,  in  section  in   Fig.   155,  and  in  plan  in  Fig.    156,   has 


A  Simple  Phonograph. 

a  mouthpiece,  A,  to  which  is  attached  a  thin  ferrotype 
plate  diaphragm,  B,  by  means  of  a  good  quality  of  seahng 
wax  or  cement. 

Upon  the  outer  face  of  the  diaphragm,  and  at  opposite 
edges,  there  are  guides,  C  D,  for  receiving  the  wooden  strip, 
F.     These  guides  present  only  a  slight  bearing  surface  to 
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the  Strip.  The  guide,  D,  is  rounded  to  receive  the  spring, 
E,  which  is  secured  to  it  by  two  screws,  b}'  which  also  the 
spring  is  adjusted  so  as  to  bear  with  more  or  less  force  on 
the  small  rubber  block  which  rests  upon  the  center  of  the 
diaphragm. 

A  needle,  which  is  sharpened  like  a  leather  sewing  nee- 
dle or  awl,  is  soldered  to  the  spring,  and  is  located  directl}- 
opposite  the  center  of  the  diaphragm.  The  guides,  C  D, 
are  placed  so  that  the  median  line  of  the  strip,  F,  is  at  one 
side  of  the  needle.  This  strip  has  four  slight  longitudi- 
nal grooves,  two  on  each  side,  which  are  made  with  an 
ordinary  carpenter's  gauge.  These  grooves  are  located  so 
that  when  the  strip  is  moved  through  the  guides,  one  or  the 
other  of  them  will  pass  over  the  needle.  A  piece  of  bees- 
wax is  rubbed  over  the  sides  of  the  strip  to  give  it  an  adhe- 
sive coating  for  receiving  the  foil  used  in  recording  the 
sounds. 

The  foil,  which  should  be  rather  heavy,  must  be  cut  into 
strips  wide  enough  to  extend  be3'ond  the  grooves  in  the 
wooden  strip.  The  foil  is  laid  on  the  wooden  strip  and  bur- 
nished down  with  the  thumb  nail,  so  that  it  will  adhere. 
The  strip  thus  prepared  is  placed  in  the  guides,  C  D,  and 
the  needle  is  adjusted  so  that  it  indents  the  foil  slightly  as 
the  stick  is  moved  along. 

By  talking  in  the  mouthpiece,  and  at  the  same  time  mov- 
ing the  strip  along  with  a  smooth,  steady  motion,  the  sounds 
are  recorded  on  the  foil.  B}-  passing  the  strip  again 
through  the  guides,  so  that  the  needle  traverses  the  same 
groove,  and  applying  to  the  mouthpiece  a  paper  funnel  or 
resonator,  the  sounds  or  words  spoken  into  the  instrument 
will  be  reproduced.  It  is  even  possible  to  record  the  sounds 
on  a  plain  strip  of  wood  so  that  they  may  be  reproduced. 
The  engraving  is  about  two-thirds  the  actual  size  of  the 
instrument. 

THE   PERFECTED   PHONOGR.VPH. 

Ten  years  ago  a  young  man  went  into  the  office  of 
the  Scientific  American,  and  placed  before  the  editors  a 
small,  simple  machine  about   which  very  few  preliminary 
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remarks  were  offered.  The  visitor  without  any  ceremony 
whatever  turned  the  crank,  and  to  the  astonishment  of  all 
present  the  machine  said  :  "  Good  morning.  How  do  you 
do?  How  do  you  like  the  phonograph?"  The  machine 
thus  spoke  for  itself,  and  made  known  the  fact  that  it  was 
the  phonograph,  an  instrument  about  which  much  was  said 
and  written,  although  little  was  known. 

It  was  the  latest  invention  of  Edison,  and  the  editors 
and  employes  of  the  Scientific  American  formed  the  hrst 
public  audience  to  which  it  addressed  itself.  The  young 
man  was  Mr.  Thomas  A.  Edison,  even  then  a  well  known 
and  successful  inventor.  The  invention  was  novel,  original, 
and  apparentl}'  destined  to  find  immediate  application  to 
hundreds  of  uses.  Every  one  wanted  to  hear  the  wonderful 
talking  machine,  and  at  once  a  modified  form  of  the  original 
phonograph  was  brought  out  and  shown  everywhere,  amus- 
ing thousands  upon  thousands ;  but  it  did  not  by  any  means 
fulfill  the  requirements  of  the  inventor.  It  was  scarcely 
more  than  a  scientific  curiosity  or  an  amusing  toy.  Edison, 
however,  recognized  the  fact  that  it  contained  the  elements 
of  a  successful  talking  machine,  and  thoroughly  believed  it 
was  destined  to  become  far  more  useful  than  curious  or 
amusing.  He  contended  that  it  would  be  a  faithful  steno- 
grapher, reproducing  not  only  the  words  of  the  speaker, 
but  the  quality  and  inflections  of  his  voice  ;  and  that  letters 
instead  of  being  written  would  be  talked.  He  believed  that 
the  words  of  great  statesmen  and  divines  would  be  handed 
down  to  future  generations ;  that  the  voices  of  the  world's 
prima  donnas  would  be  stored  and  preserved,  so  that,  long 
after  their  decease,  their  songs  could  be  heard.  These  and 
many  other  things  were  expected  of  the  phonograph.  It 
was,  however,  doomed  to  a  period  of  silence.  It  remained 
a  toy  and  nothing  more  for  years.  Finally  it  was  made 
known  to  the  public  that  the  ideal  phonograph  had  been 
constructed  :  that  it  was  unmistakably  a  good  talker ;  and 
that  the  machine,  which  most  people  believed  to  have 
reached  its  growth,  had  after  all  been  refined  and  improved 
until  it  was  capable  of  faithfully  reproducing  every  word, 
syllable,  vowel,  consonant,  aspirate  and  sounds  of  every  kind. 
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During  the  dormancy  of  the  phonograph,  its  inventor 
secured  both  world-wide  fame  and  a  colossal  fortune  by 
means  of  his  electric  light  and  other  well  known  inventions. 
He  has  devoted  much  time  to  the  phonograph,  and  has  not 
only  perfected  the  instrument  itself,  but  has  established  a 
large  factory  provided  with  special  tools  for  its  manufac- 
ture, in  which  phonographs  are  to  be  turned  out  in  great 
numbers. 

The  original  instrument  consists  of  three  principal  parts 
— the  mouthpiece,  into  which  speech  is  uttered  ;  the  spirally 
grooved  cylinder,  carrying  a  sheet  of  tin  foil  which  receives 
the  record  of  the  movements  of  the  diaphragm  in  the 
mouthpiece  ;  and  a  second  mouthpiece,  by  which  the  speech 
recorded  on  the  cylinder  is  reproduced.  In  this  instrument 
the  shaft  of  the  cylinder  is  provided  with  a  thread  of  the 
same  pitch  as  the  spiral  on  the  surface  of  the  cylinder,  so 
that  the  needle  of  the  receiving  mouthpiece  is  enabled  to 
traverse  the  surface  of  the  tin  foil  opposite  the  groove  of 
the  cylinder.  By  careful  adjustment  this  instrument  was 
made  to  reproduce  familiar  words  and  sentences,  so  that 
they  would  be  recognized  and  understood  by  the  listener; 
but  in  general,  in  the  early  phonographs,  it  was  necessary 
that  the  listener  should  hear  the  sounds  uttered  into  the 
receiving  mouthpiece  of  the  phonograph  to  positivel}'  under- 
stand the  words  uttered  by  the  instrument. 

In  the  later  instruments,  such  as  were  exhibited  through- 
out the  country  and  the  world,  the  same  difficulty  obtained, 
and  perfection  of  articulation  was  sacrificed  to  volume  of 
sound.  This  was  necessary,  as  the  instruments  were  exhib- 
ited before  large  audiences,  where,  it  goes  without  saying, 
the  instrument  to  be  entertaining  had  to  be  heard.  These 
instruments  had  each  but  one  mouthpiece  and  one  diaphragm, 
which  answered  the  double  purpose  of  receiving  the  sound 
and  of  giving  it  out  again.  Strangely  enough,  the  recently 
improved  phonograph  is  more  like  the  original  one  than  any 
of  the  others.  It  is  provided  with  two  mouthpieces,  one  for 
receiving  and  one  for  reproducing. 

The  new  phonograph,  which  is  shown  in  Fig.  157,  is  of 
about  the  size  of  an  ordinarj^  sewing   machine.     In   its   con- 
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struction,  it  is  something  like  a  ver)^  small  engine  lathe  ;  the 
main  spindle  is  threaded  between  its  bearings,  and  is  pro- 
longed at  one  end  to  receive  the  hardened  wax  cylinder 
upon  which  the  sound  record  is  made.  Behind  the  spindle 
and  the  cylinder  is  a  rod  upon  which  is  arranged  a  slide, 
having  at  one  end  an  arm  adapted  to  engage  the  screw  of 
the  spindle,  and  at  the  opposite  end  an  arm  carr3nng  a  piv- 
oted head,  provided  with  two  diaphragms,  whose  positions 
may  be  instantly  interchanged  when  desirable.  One  of 
these  diaphragms  is  turned  into  the  position  of  use  when  it 
is  desired  to  talk  to  the  phonograph,  and  when  the  speech 
is  to  be  reproduced,  the  other  diaphragm  takes  its  place. 
The  glass  diaphragm,  which  receives  the  speech  and  makes 
the  impressions  upon  the  cylinder,  is  shown  in  Fig.  159. 
The  needle  by  which  the  impressions  are  made  in  the  wax 
is  attached  to  the  center  of  the  diaphragm,  and  pivotally 
connected  to  a  spring  arm  attached  to  the  side  of  the  dia- 
phragm cell.  The  device  by  which  the  speech  is  repro- 
duced is  shown  in  section  in  Fig.  160.  The  cell  contains  a 
delicate  glass  diaphragm,  to  the  center  of  which  is  secured  a 
stud  connected  with  a  small  curved  steel  wire,  one  end  of 
which  is  attached  to  the  diaphragm  cell.  The  spindle  of  the 
phonograph  is  rotated  regularly  b}'  an  electric  motor  in  the 
base  of  the  machine,  which  is  driven  by  a  current  from  one 
or  two  cells  of  battery.  The  motor  is  provided  with  a  sen- 
sitive governor  which  causes  it  to  maintain  a  very  uniform 
speed.  The  arm  which  carries  the  diaphragms  is  provided 
with  a  turning  tool  for  smoothing  the  wax  cylinder  prepar- 
atory to  receiving  the  sound  record. 

The  first  operation  in  the  use  of  the  machine  is  to  bring 
the  turning  tool  into  action  and  cause  it  to  traverse  the  cjd- 
inder.  The  turning  tool  is  then  thrown  out,  the  carriage 
bearing  the  diaphragms  is  returned  to  the  position  of  start- 
ing, the  receiving  diaphragm  is  placed  in  the  position  of 
use,  and  as  the  wax  cylinder  revolves,  the  diaphragm  is 
vibrated  b_v  the  sound  waves,  thus  moving  the  needle  so  as 
to  cause  it  to  cut  into  the  wax  cylinder  and  produce  inden- 
tations which  correspond  to  the  movements  of  the  dia- 
phragm.    After   the  record  is  made,  the  carriage  is  again 
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returned  to  the  point  of  starting,  the  receiving  diaphragm 
is  replaced  b)-  the  reproducing  diaphragm,  and  the  carriage 
is  again  moved  forward  by  the  screw,  as  the  cylinder 
revolves,  causing  the  point  of  the  reproducing  diaphragm 
to  traverse  the  path  made  by  the  recording  needle.  As  the 
point  of  the  curved  wire  attached  to  the  diaphragm  follows 

Fig.  i6i. 


Phonographic  Record  Magnified. 
Fig.   159.  Fig.   160, 


Receiving  Diaphragm. 


Speaking  Diaphragm. 


the  indentations  of  the  wax  cylinder,  the  reproducing  dia- 
phragm is  made  to  vibrate  in  a  manner  similar  to  that  of  the 
receiving  diaphragm,  thereby  faithfully  reproducing  the 
sounds  uttered  into  the  receiving  mouthpiece. 

A  crucial  test  of  the  capabilities   of  this  machine  was 
recently  made  in  our  presence,  at  Edison's  laboratory,  near 
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Llewellyn  Park,  Orange,  N.  J.  A  paragraph  from  the  morn- 
ing newspaper  was  read  to  the  machine  in  our  absence,  and 
when  upon  our  return  to  the  instrument  it  was  reproduced 
phonographically,  every  word  was  distinctly  understood, 
although  the  names,  localities,  and  the  circumstances  men- 
tioned in  the  article  were  entirely  new  and  strange  to  us. 
Another  test  of  the  perfection  of  the  machine  was  the  per- 
fect reproduction  of  whistling  and  whispering,  all  the  imper- 
fections of  tone,  the  half  tones  and  modulations  even,  being 
faithfuU)'  reproduced.  The  perfect  performance  of  the  new 
in.strument  depends  upon  its  mechanical  perfection — upon 
the  regularity  of  its  speed,  the  susceptibilit}'  of  the  wax  cyl- 
inder to  the  impressions  of  the  needle,  and  to  the  delicacy 
of  the  speaking  diaphragm.  No  attempt  is  made  in  this 
instrument  to  secure  loud  speaking — distinct  articulation 
and  perfect  intonation  have  been  the  principal  ends  sought. 

A  highly  magnified  section  of  the  phonograph  cylinder, 
showing  the  indentations,  is  illustrated  in  Fig.  161  ;  A  repre- 
senting a  section  of  the  face  of  the  cylinder,  B  a  transverse 
section  of  a  portion  of  the  cylindrical  wax  shell,  and  C 
showing  a  less  magnified  face  view  of  a  small  portion  of  the 
cylinder. 

The  new  phonograph  is  to  be  used  for  taking  dictation 
for  taking  testimony  in  court,  for  reporting  speeches,  for 
the  reproduction  of  vocal  music,  for  teaching  languages,  for 
correspondence,  for  civil  and  militar}^  orders,  for  reading  to 
the  sick  in  hospitals,  and  for  various  other  purposes  too 
numerous  to  mention. 

Imagine  a  lawyer  dictating  his  brief  to  one  of  these  little 
machines  ;  he  may  talk  as  rapidly  as  he  chooses,  every  word 
and  syllable  will  be  caught  upon  the  delicate  wax  cylinder, 
and  after  his  brief  is  complete  he  may  transfer  the  wax  cyl- 
inder to  the  phonograph  of  a  copyist,  who  ma}'  listen  to  the 
words  of  the  phonograph  and  write  out  the  manuscript. 
The  instrument  ma}'  be  stopped  and  started  at  pleasure,  and 
if  any  portion  of  the  speech  is  not  understood  by  the  tran- 
scriber, it  may  be  repeated  as  often  as  necessary. 

In  a  similar  manner  a  compositor  ma}-  set  his  type  directly 
from  the  dictation  of  the  machine,  without  the  necessity  of 
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"copy,"  as  it  is  now  known.  Mr.  Edison  says  that  the 
whole  of  "  Nicholas  Nickleby  "  could  be  recorded  upon  four 
cylinders,  each  4  inches  in  diameter  and  8  inches  long,  so 
that  one  of  these  instruments  in  a  private  circle  or  in  a 
hospital  could  be  made  to  read  a  book  to  a  number  of  per- 
sons.    This  is  accomplished  by  means  of  a  multiple  earpiece. 

The  little  wax  cj-linders  upon  which  the  record  is  made 
are  provided  with  a  rigid  backing,  and  the  C3dinders  are 
made  in  different  lengths  ;  the  shortest — one  inch  long — hav- 
ing a  capacity  of  200  words,  the  next  in  size  400  words,  and 
so  on.  These  cylinders  are  very  light,  and  a  mailing  case 
has  been  devised  which  will  admit  of  mailing  the  cylinders 
as  readily  as  letters  are  now  mailed.  The  recipient  of  the 
cylinder  will  place  it  on  his  own  phonograph  and  listen  to 
the  phonogram — in  which  he  will  not  only  get  the  sense  of 
the  words  of  the  sender,  but  will  recognize  his  expression, 
which  will,  of  course,  have  much  to  do  with  the  interpreta- 
tion of  the  true  meaning  of  the  sender  of  the  phonogram. 

Fig.  158  is  a  life-like  picture  of  Mr.  Edison  photo- 
graphed while  he  listened  to  his  first  phonogram  from 
abroad. 

A  very  interesting  and  popular  use  of  the  phonograph 
will  be  the  distribution  of  the  songs  of  sfreat  sinsrers,  ser- 
mons  and  speeches,  the  words  of  great  men  and  women, 
music  of  many  parts,  the  voices  of  animals,  etc.,  so  that  the 
owner  of  a  phonograph  may  enjoy  these  things  with  little 
expense. 

It  may  even  be  pressed  into  the  detective  service  and 
used  as  an  unimpeachable  witness.  It  will  have  but  one 
story  to  tell,  and  cross  examination  cannot  confuse  it. 

REFLECTION   AND    CONCENTRATION   OF    SOUND. 

The  particular  action  of  sound  to  be  dealt  with  here  is 
that  of  reflection,  examples  of  which  are  presented  in  every 
echo  ;  and  whispering  galleries  are  but  the  exhibition  of  the 
same  thing,  although  more  rare.  A  few  of  them  have  a 
world-wide  reputation. 

In  his  article  on  sound  in  the  "  Encyclopaedia  Metropoli- 
tana,"  Sir  John  Herschel  mentions  the  abbey  church  of  St. 
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Albans,  where  the  tick  of  a  watch  may  be  heard  from  one 
end  of  the  edifice  to  the  other.  In  Gloucester  Cathedral  a 
gallery  of  octagonal  form  conveys  a  whisper  75  feet  across 
the  nave.  In  the  whispering  gallery  of  St.  Paul's  the  faint- 
est sound  is  conveyed  from  one  side  of  the  dome  to  the 
other,  but  is  not  heard  at  any  intermediate  point.  The 
dome  of  the  capitol  at  Washington  is  an  excellent  whisper- 
ing gallery.  These  effects  are  due  to  an  accidental  arrange- 
ment of  the  walls. 

Sails  of  ships  are  sometimes  inflated  by  the  wind  so  that 
they  act  as  concentrating  reflectors  of  sound.  Arnott  says 
that  in  coasting  off  Brazil  he  heard  the  bells  of  San  Salva- 
dor from  a  distance  of  no  miles,  by  standing  before  the 
mainsail,  which  happened  at  the  time  to  assume  the  form  of 
a  concave  reflector,  focusing  at  his  ear. 

Sounds  majr  be  received  and  conveyed  b}^  means  of 
metallic  parabolic  reflectors,  so  that  many  times  the  volume 
of  sound  that  naturally  strikes  the  ear  will  be  concentrated 
rendering  sounds  audible  that  might  otherwise  be  too  distant 
or  too  faint  to  be  heard.  Such  reflectors  of  necessity  have  a 
fixed  form,  and  are  available  under  certain  conditions  only. 
The  accompanying  engraving  (Fig.  162)  represents  a  sound 
reflector  that  may  be  focused  as  readily  and  directed  as 
easily  as  a  telescope.  It  is,  in  fact,  a  portable  and  adjustable 
whispering  gallery,  having  many  useful  applications. 

The  instrument  is  very  simple,  consisting  essentially  of 
an  airtight  drum,  one  head  of  which  is  rigid,  the  other  elas- 
tic. This  drum,  or  more  properly  reflector,  is  mounted  on 
pivots  in  a  swiveled  support,  and  is  provided  with  a  flexible 
tube  having  a  mouthpiece  and  stop  cock  at  its  free  end.  Two 
wires  are  stretched  across  the  face  of  the  reflector  at  right 
angles  to  each  other,  and  support  at  their  intersection  a  small 
plane  mirror,  the  office  of  which  is  to  determine  the  posi- 
tion of  the  reflector  in  relation  to  the  direction  of  the  sound. 
A  small  ear  trumpet  or  funnel,  which  is  shown  on  the  table, 
is  used  in  connection  with  the  reflector,  to  increase  its  effect 
b}'  gathering  portions  of  the  sound  that  might  escape  the 
unaided  ear. 

The   reflector   is    adjusted  by   looking   through   the   ear 
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trumpet  toward  the  small  plane  mirror,  and  moving  the 
sound  reflector  until  the  source  of  sound  is  seen  in  the  mir- 
ror. The  reflector  is  then  focused  by  exhausting  the  air 
from  behind  the  flexible  head  until  the  required  degree  of 


concavity  is  reached,  which  will  be  when  sounds  are  dis- 
tinctly heard  in  the  ear  trumpet.  The  air  is  readily 
exhausted  from  the  reflector  by  applying  the  mouth  to 
the  mouthpiece.  The  details  of  the  construction  of  the 
apparatus  are  shown  in  the  engraving. 
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Of  course,  the  operation  of  the  instrument  may  be 
reversed — that  is,  sounds  made  at  the  focus  of  the  reflector 
may  be  projected  in  parallel  lines  over  long  distances,  but 
in  practice  a  speaking  trumpet  is  found  to  be  better  for  this 
purpose.  The  engraving  shows  but  one  of  the  applications 
of  the  reflector.  It  would  be  a  simple  matter  to  provide 
for  a  deaf  person  an  instrument  on  this  principle.  It  could 
hang  on  the  walls  of  the  parlor  unnoticed,  as  it  might  take 
the  form  of  a  richly  framed  picture,  and  would  concentrate 
a  great  volume  of  sound  at  a  single  point.     The  same  device 

Fig.  163. 
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may  also  be  appUed  to  an  auditorium  to  project  the  voice  of 
the  speaker  in  any  required  direction. 

To  concentrate  and  project  light,  heat,  and  sound  by 
means  of  concave  mirrors  is  generally  supposed  to  necessi- 
tate the  use  of  expensive  parabolic  mirrors,  articles  practi- 
cally out  of  the  reach  of  amateur  experimenters,  and  not  to 
be  found  in  every  institution  of  learning.  To  perform  most 
of  the  experiments  possible  with  concave  mirrors,  the  spun 
metal  reflectors  used  in  large  lamps  answer  exceedingly 
well.  The  projection  of  images  and  the  accurate  determi- 
nation of  the  foci  are  the  only  experiments  impossible  with 
such  reflectors.  The  largest  size  to  be  found  ready  made  is 
10  inches  in  diameter,  with  a  principal  focus  of  about  8  or  9 
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inches.  The  price  is  $1.50  per  pair.  To  prepare  them  for 
use,  two  common  wood  screws  are  secured  to  them  at  dia- 
metrically opposite  points,  the  heads  of  the  screws  being 
soldered  to  the  edges  of  the  mirrors,  so  that  the  screws  pro- 
ject radially.  ■  Each  mirror  is  provided  with  a  stand  formed 
of  a  base  and  two  uprights.  The  wood  screws  project 
through  the  uprights,  and  are  provided  with  wooden  nuts. 

To  facilitate  the  experiments  to  be  performed  with  the 
concave  mirrors,  two  or  three  small  stands  are  required.  It 
is  desirable  that  these  stands  be  made  adjustable.  If  noth- 
ing is  at  hand  that  will  answer  the  purpose,  a  very  good 
adjustable  stand  may  be  made  by  soldering  a  disk  of  tin  to 
the  head  of  a  4  inch  wood  screw,  and  inserting  the  screw  in 
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a  short  column,  as  shown  in  the  engraving.  A  paper  trum- 
pet, 8  inches  in  diameter  at  the  larger  end  and  2  feet  in 
length,  is  useful,  and  a  rubber  tube  having  a  sinall  funnel 
at  one  end  and  an  ear  piece  at  the  other  end  is  necessary. 

To  show  the  concentrating  power  of  one  of  these  com- 
mon reflectors,  place  it  so  that  its  concave  surface  faces  the 
sun.  Then  place  a  piece  of  dark-colored  cloth  in  the  focus. 
It  is  at  once  ignited. 

Place  two  reflectors,  A  B,  4  or  5  feet  apart,  with  their 
concave  surfaces  facing  each  other,  as  shown  in  Fig.  163. 
Place  a  short  candle  on  the  stand,  D,  so  as  to  reflect  a  par- 
allel beam  that  will  cover  the  reflector,  B,  as  nearly  as  possi- 
ble. Then  place  a  watch,  E,  in  the  focus  of  the  reflector,  B, 
upon  the  stand,  F.  Now  hold  the  funnel,  C,  with  its  mouth 
facing  the  reflector.  A,  and  immediately  behind  the  candle,  or. 
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better,  remove  the  candle  and  place  the  funnel  in  the  position 
formerly  occupied  by  the  candle  flame.  With  the  funnel  at 
this  point  the  ticking  of  the  watch  will  be  distinctly  heard, 
but  a  slight  movement  of  the  funnel  in  either  direction  will 
render  the  ticking  inaudible.  This  experiment  shows  that 
the  laws  governing  the  reflection  of  light  and  sound  are  the 
same. 

In  Fig.  164  the  use  of  the  trumpet  in  connection  with  a 
concave  reflector  is  illustrated.  The  reflector,  A,  is  adjusted 
to  the  trumpet,  B,  by  means  of  the  light  of  a  candle  placed 
on  the  stand  in  the  focus  of  the  reflector.  Afterward  the 
candle  is  replaced  by  the  watch.  With  this  arrangement  the 
watch  may  be  heard  twenty  or  thirty  feet  awa}'. 

TREVELYAN  ROCKER. 

This  apparatus  consists  of  a  short  piece,  A,  of  lead  pipe, 
about  an  inch  in  diameter,  and  a  piece,  B,  of  thick  brass 
tubing,  about  |  inch  outside  diameter  and  fi^'e  or  six  inches 
long.  The  lead  pipe  is  flattened  a  httle  to  keep  it  from  roll- 
ing, and    the  surface  along  the  side  which  is  to  be  upper- 


FiG.   165 


Trevelyan   Rocker. 

most  is  scraped  and  smoothed.  The  brass  tubing,  B,  is 
filed  thin,  upon  one  side,  near  one  end,  and  the  :ain  part 
is  driven  in  with  the  pein  of  a  hammer  or  a  punch  so  as 
to  leave  the  longitudinal  ridges,  a  a,  as  shown  in  the  end 
view  in  Fig.  165. 

When  the  brass  tube  is  heated  and   placed    across    the 
lead  pipe,  as  shown  in   Fig.   165,   with    the  ridges,    a   a,    in 
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contact  with  the  lead  pipe,  the  brass  tube  begins  to  rock, 
invisibly,  of  course,  but  with  sufficient  energy  to  give  forth 
a  clear  musical  note.  If  it  does  not  start  of  itself,  a  little 
jarring  will  set  it  going,  and  it  will  continue  to  give  forth  its 
sound  for  some  time. 

The  accepted  explanation  of  this  phenomenon  is  that  the 
contact  of  the  hot  brass  with  the  lead  causes  the  lead  to  sud- 
denly expand  and  project  a  microscopic  distance  upward. 
These  upward  projections  of  the  lead  alternate  between  the 
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two  points  of  contact,  and  thus  cause  the  tube  to  rock  with 
great  rapidit}^  and  regularit}'. 

In  Fig.  166  is  shown  a  modification  of  the  experiment,  in 
which  the  lead  is  indented  to  form  the  two  contact  surfaces, 
a  a,  and  the  heated  bar,  B,  is  made  to  rock  at  a  compara- 
tively slow  rate,  giving  forth  a  grave  note.  By  careful  man- 
ipulation, the  bar  ma}'  be  made  to  rock  both  longitudinally 
and  laterally,  thus  giving  forth  a  rhythmic  combination  of 
the  two  sounds. 

REFR.XCTION   OF   SOUND. 

In  Figs.  167  and  168  is  illustrated  an  adjustable  lens  for 
showing  the  refraction  of  sound.  The  frame  of  the  lens 
consists  of  three  12  inch  rings  of  large  wire,  soldered  to- 
gether so  as  to  form  a  single  wide  ring  with  two  circumfer- 
ential grooves.  In  the  central  part  of  the  ring,  at  the  bot- 
tom, is  inserted  a  standard,  and  in  the  top  is  inserted  a  short 
metal  tube.  Over  the  edges  of  the  ring  are  stretched  disks 
of  the  thinnest  elastic  rubber,  which  are  secured  by  a  stout 
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thread    wound    around   the  edges  ot  the  rubber,  clamping 
them  in  the  grooves  of  the  ring. 

By  inflating  the  lens  through  the  tube  with  carbonic  acid 

Fig.   167. 


Sound  Lens. 

gas,  it  may  be  focused  as  desired.  A  watch  placed  at  the 
focus  upon  one  side  of  the  lens  can  be  distinctly  heard  at  the 
focal  point  on  the  opposite  side  of  the  lens,  when  it  can  be 
heard    only  faintly   or  not    at  all    at    points  Fig.  i6S. 

only  slightly  removed  from  the  focus,  thus 
showing  that  the  sound  of  the  ticking  of 
the  watch  has  been  refracted  by  the  lens  in 
much  the  same  manner  as  light  is  refracted 
by  a  glass  lens. 

SENSITIVE    FLAMES. 

The  sensitive  flame,  first  observed  by  Dr. 
Le  Conte  and  afterward  developed  by  Tyn- 
dall  and  Barrett,  exhibits  some  f)f  the  curious 
effects  of  sound.  For  its  production  it  is 
necessary  that  the  gas  be  under  a  pressure 
equal  to  that  of  a  column  of  water  six  or 
eight    inches   high.       The    common  method 
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of  securing  the  required  pressure  is  to  take  the  gas  from  a 
cylinder  of  compressed  illuminating  gas,  such  as  is  used 
for  calcium  lights.  Another  method  is  to  take  the  gas  from 
a  weighted  gas  bag,  and  still  another  is  to  fill  a  sheet 
metal  tank  with  gas  and  displace  it  with  water  in  the  man- 
ner illustrated  in  Fig.  170.     The  burner  is  shown  at  1,2,  and 

3,  Fig.  169.  It  consists  of  a  small 
tip  inserted  in  the  end  oi  a  suit- 
able tube.  The  tip  in  the  pres- 
ent case  is  made  of  brass,  but 
those  commonly  used  for  this 
purpose  are  of  steatite.  The}^ 
are  superior  to  the  metal  ones, 
but  require  careful  selection. 

It  has  been  found  that  some 
of  the  lava  pinhole  burner  tips 
used  in  certain  kinds  of  gas 
stoves  answer  admirably  for  this 
purpose,  and  cost  very  little. 
A  tip  with  a  round,  smooth  hole 
is  to  be  selected.  The  bore  of 
the  tip  is  here  shown  tapering. 
Its  smaller  diameter  is  0'035 
inch  The  burner  is  supported 
in  the  manner  shown  at  i  and  2, 
or  in  any  other  convenient  man- 
ner, and  gas  under  a  suitable 
pressure  flows  through  and  is 
ignited.  The  flame  will  be  tall 
and  slender,  as  shown  at  i.  By 
regulating  the  gas  pressure  care- 
fully, an  adjustment  will  be 
reached  at  which  the  flame  will 
be  on  the  verge  of  flaring.  A  very  slight  increase  of 
pressure  beyond  this  point  wiU  cause  the  flame  to  shorten 
and  roar.  When  the  flame  is  at  the  point  of  flaring,  it  is 
extremely  sensitive  to  certain  sounds,  particularly  those  of 
high  pitch.  A  shrill  whistle  or  a  hiss  will  cause  it  to 
flare.     The    rattle    of    a    bunch    of    keys    will    produce  the 
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same  result.     It  will  respond  tu  every  tick  uf  a  watch  held 
near  it. 

Tyndall  says  that  when  the  gas  pressure  is  increased  be- 
yond a  certain  limit,  vibrations  are  set  up  in  the  gas  jet  by 
the  friction  of  the  gas  in  the  orifice  of  the  burner.  These 
vibrations  cause  the  flame  to  quiver  and  shorten.  When 
the  flame  burns  steadily,  any  sound  to  which  the  gas  jet  will 
respond  will  throw  it  into  sympathetic  vibration.     Experi- 
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Apparatus  lor  producing  Gas   Pressure   for  the   Sensitive  Flame. 

ment  has  demonstrated  that  the  seat  of  sensitiveness  of  the 
flame  is  at  the  base  of  the  flame,  at  the  orifice  of  the  burner. 
The  method  of  producing  the  required  gas  pressure 
illustrated  in  Fig.  170  is  available  when  gas  bags  or  cylinders 
of  compressed  gas  are  not  to  be  had.  A  tin  cylinder  of 
about  15  gallons  capacity  is  provided  at  the  top  and  bottom 
with  valves.  The  lower  valve  is  connected  with  a  hydrant, 
and  the  cylinder  is  filled  with  water,  while  the  upper  valve 
is  left  open  to  allow  of  the  escape  of  air.     When  the  cylin- 
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der  is  filled  with  water,  the  supply  is  shut  ofi  and  a  tube 
from  a  gas  burner  is  connected  with  the  upper  valve  and  the 
gas  is  turned  on.  Then  the  water  is  allowed  to  escape  from 
the  cylinder,  therebj'  drawing  in  the  gas.  When  the  cylin- 
der is  filled  with  gas,  the  valves  are  closed  and  the  lower 
one  is  again  connected  with  the  h3'drant,  while  the  upper 
one  is  connected  with  the  pinhole  burner.  The  valves  on 
the  C3'linder  are  again  opened  and  water  is  admitted  at  the 
rate  required  to  produce  the  desired  gas  pressure.  Only  two 
precautions  are  necessarv  in  this  experiment ;  one  is  to  avoid 
a  mixture  of  air  and  gas  in  the   cylinder  bv   driving   out  all 

the  air,  the  other  is  to  avoid 
the  straining  of  the  cylinder 
by  water  pressure. 

Another  sensitive  flame, 
which  has  several  advantages 
over  the  one  described,  is 
shown  in  Fig.  171.  It  re- 
quires no  extra  gas  pressure, 
and  it  is  more  readily  con- 
trolled than  the  tall  jet.  It 
was  discovered  by  Mr.  Philip 
Barrv,  and  the  discoverer's 
letter  to  Mr.  Tyndall  concern- 
ing it  is  found  in  Tyndall's 
work  on  sound.  In  the  pro- 
duction of  this  flame  a  pinhole 
burner,  like  that  already  described,  is  employed.  Two 
inches  above  the  burner  is  supported  a  piece  of  32-mesh 
wire  gauze,  about  6  inches  square.  The  gas  is  turned  on 
and  lit  above  the  wire  gauze.  It  burns  in  a  conical  flame, 
which  is  3'ellow  at  the  top  and  blue  at  the  base.  When  the 
gas  pressure  is  strong,  the  flame  roars  continuous!}-.  When 
the  gas  is  turned  off,  so  as  to  stop  the  roaring  altogether, 
the  flame  burns  steadilv  and  exhibits  no  more  sensitiveness 
than  an  ordinary  flame.  By  turning  on  the  gas  slowly  and 
steadily,  a  critical  point  will  be  reached  at  which  an}'  hissing 
noise  will  cause  it  to  roar  and  become  non-luminous.  Any 
degree  of  sensitiveness  may  be  attained  by   careful   adjust- 
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ment  of  the  gas  supply.  A  quiet  room  is  required  for  this 
experiment.  The  rustle  of  clothes,  the  ticking  of  a  clock,  a 
whisper,  a  snap  of  the  finger,  the  dropping  of  a  pencil,  or  in 
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Determining  Speed  by  Resonance. 


Siren  for  Measuring  Velocities. 


fact  almost  an}'  noise,  will  cause  it  to  drop,  become  non- 
luminous,  and  roar.  It  dances  perfect  time  to  a  tune  whistled 
staccato  and  not  too  rapidly. 

The  flame  at  its  base  presents  a  large  surface  to  the  air. 
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SO  that  any  disturbance  of  the  air   sets  the   flame   in  active 
vibration. 

A    SIREN    FOR    MEASURING   VELOCITIES. 

In  this  instrument  advantage  is  taken  of  the  well  known 
fact  that  for  every  tone  a  resonator  may  be  provided  that 
will  respond  to  and  re-enforce  the  vibrations  producing  that 
tone.  The  length  of  a  closed  resonant  tube  is  one-fourth 
that  of  the  sound  wave  to  which  it  responds.  The  length 
of  an  open  resonant  tube  is  one-half  that  of  the  sound  wave 
to  which  it  responds.     It  is  obvious  that  a  telescopic  tube 
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may  be  adjusted  to  respond  to  different  pitches.  Knowing 
the  number  of  vibrations  required  per  second  to  produce  a 
certain  pitch,  it  is  comparatively  an  easy  matter  to  deter- 
mine the  rate  of  any  series  of  regular  air  vibrations  by 
adjusting  the  tube  to  such  a  length  as  to  cause  it  to  respond 
to  the  vibrations. 

In  Fig.  172  is  shown  a  resonant  tube  supported  over  a 
small  fan  wheel.  The  fan  has  ten  blades,  so  that  during  one 
revolution  it  sends  ten  puffs  of  air  up  the  tube.  By  gradu- 
ally increasing  the  velocity  of  the  fan  a  speed  will  be  reached 
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at  which  the  tube  yields  a  low  but  distinct  musical  tone.  If, 
for  example,  this  tone  corresponds  to  middle  c,  it  is  known 
that  261  puffs  of  air  are  made  in  the  tube,  and  that  since 
there  are  ten  blades  to  the  fans,  the  number  of  revolutions 
of  the  fan  shaft  must  be  261 -{- 10=26-1  per  second,  or  1,566 
revolutions  per  minute. 

In  Fig.  173  is  illustrated  a  siren  constructed  on  this  prin- 
ciple. The  parts  of  this  instrument  are  shown  in  detail  in 
Fig.  174.  It  consists  of  a  circvilar  casing  containing  a  ro- 
tary fan  which  draws  in  air  at  the  center  and  discharges  it 
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through  an  opening  in  the  top  of  the  casing.  The  blades  of 
the  fan  are  arranged  radially  upon  opposite  sides  of  the  disk, 
and  the  fan  is  encircled  by  a  perforated  rim,  which  fits  the 
circular  casing  and  acts  as  a  valve  in  cf)ntrolling  the  escape 
of  air.  The  perforations  of  the  rim  correspond  in  number 
and  position  with  the  fan  blades. 

The  discharge  opening  of  the  casing  is  provided  with  a 
socket   for    receiving  a    resonator.     The    resonator    shown 
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in  Fig.  173  consists  of  a  pair  of  tubes  made  to  slide 
telescopically  one  within  the  other,  the  inner  one  being 
graduated  to  indicate  the  different  lengths  required  for  dif- 
ferent pitches,  and  consequently  for  different  speeds.  As 
the  fan  revolves,  the  air  drawn  in  through  the  holes  at  the 
center  of  the  casing  is  thrown  ontward  by  centrifugal  force, 
thus  maintaining  a  pressure  of  air  at  the  periphery  of  the 
fan.  The  holes  in  the  rim  of  the  fan  allow  the  air  to  escape 
in  regular  puffs,  the  frequency  of  which  depends  upon  the 
velocity  of  the  fan.  These  puffs  produce  sounds  varying  in 
pitch  and  intensity  with  the  speed  of  the  fan,  and  the  reso- 
nating tube  re-enforces  the  particular  note  to  which  it  is 
tuned,  so  that  when  a  speed  is  reached  corresponding  with 
the  adjustment  of  the  tube,  the  fact  is  known  by  the 
superior  strength  of  that  particular  note.  An}^  change 
of  speed  may  be  detected  by  the  lessening  of  the  intensity 
of  the  sound  and  the  change  of  pitch. 

The  siren  is  shown  in  Fig.  175  in  connection  with  me- 
chanism for  driving  it  by  hand.  It  is  provided  with  a  rev- 
olution counter  and  with  a  trumpet-shaped  resonator.  It  is 
designed  to  be  used  in  the  same  manner  as  the  siren  of 
Cagniard  Latour,  and,  like  that  instrument,  it  yields  sounds 
under  water. 
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CHAPTER  IX. 

EXPERIMENTS    WITH     THE     SCIENTIFIC    TOP. 

Several  experiments  possessing  more  or  less  interest  arc 
illustrated  in  Plate  III.     This  chapter  is  introduced  at  this 

Plate  III. 


Experiments  with  the  Scientific  Top. 

point  on  account  of  the  relation  of  its  subject  matter  to  the 
preceding  and  succeeding  chapters. 

The  ability  of  the  heavy  top  to  run  for  a  long  time  and 
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maintain  an  equable  motion  renders  it  particularly  service- 
able in  experiments  requiring  uniformity  of  action. 

Two  experiments  in  sound  are  illustrated:  i,  Plate  III, 
showing  the  adaptation  of  a  simple  siren  to  the  top,  and  2, 
Plate  III,  Savart's  wheel.  The  siren  consists  of  a  disk  of 
pasteboard,  having  four  eccentric  rows  of  3-8  inch  holes, 
there  being  12  holes  in  the  inner  row,  15  in  the  next,  18  in 
the  next,  and  24  in  the  outer  row.  The  disk  is  varnished 
with  shellac  to  render  it  waterproof.  It  is  mounted  on  a 
chuck  fitted  to  the  tapering  hole  of  the  top  spindle.  When 
the  disk  is  rapidly  rotated  by  the  top,  and  a  jet  of  air  is 
blown  upon  either  row  of  holes  through  a  flexible  tube  pro- 
vided with  a  small  glass  or  metallic  nozzle,  a  musical  sound 
will  be  produced  b}'  the  air  pulsations  caused  by  the  inter- 
ruptions of  the  air  jet  by  the  perforated  disk.  The  sounds 
produced  by  the  different  rows  of  holes  are  those  of  the 
perfect  major  chord.  By  holding  a  card  so  that  its  corner 
will  touch  the  perforated  disk  at  any  row  of  holes,  it  will  be 
found  that  the  taps  of  the  card  will  produce  the  same  tones 
as  the  puffs  of  air  from  the  tube.  Savart's  wheel  is  simply 
a  toothed  disk  fitted  to  the  chuck  and  adapted  to  be  rotated 
by  the  top.  When  the  disk  is  turned  very  slowly,  with  the 
edge  of  a  card  held  against  the  teeth,  a  series  of  little  taps 
are  heard,  which  do  not  at  all  resemble  a  musical  sound  ; 
but  when  the  wheel  is  revolved  rapidly  by  the  top,  the  con- 
tact of  the  card  with  its  periphery  produces  a  sound  that 
may  fairly  be  called  musical,  the  sound  being  composed  of 
the  rapidl}^  repeated  taps. 

At  3,  Plate  III,  is  shown  a  disk  similar  to  that  used  for  the 
siren,  but  having  double  the  number  of  holes  in  each  circu- 
lar row.  The  holes  are  1-8  inch  in  diameter.  The  disk  is 
blackened  to  render  the  effects  more  conspicuous,  and  the 
hole  in  the  center  of  the  disk  is  eyleted  to  prevent  wear.  A 
metal  disk,  secured  to  a  tapering  spindle  fitted  into  the  top 
spindle,  carries  a  crank  pin  3- 16  inch  from  the  axis  of  rota- 
tion. The  eyelet  of  the  disk  is  placed  loosely  on  this  crank 
pin,  and  when  the  crank  is  revolved  by  the  top  the  disk  is 
gyrated  ;  every  part  of  its  surface  being  made  to  travel  in 
a  circular  path  3-8  inch  in  diameter,  when  sufficient  friction  is 
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applied  to  it  to  prevent  it  from  rotating  with  the  top.  In  this 
case  each  perforation  of  the  disk  forms  a  circle,  and  the 
circles  formed  by  the  entire  series  of  holes  interlace,  ap- 
pearing like  so  many  chain  links  interlocked.  By  allowing 
the  disk  to  revolve  at  different  speeds  very  complicated 
figures  are  produced,  sometimes  like  lacework,  sometimes 
like  twisted  chainwork.  Occasionally  one  part  of  the  fig- 
ure will  appear  to  turn  in  one  direction  while  another  part 
turns  in  the  opposite  direction.  Some  of  these  figures  are 
shown  at  4  and  5,  Plate  III.  A  similar  experiment,  developed 
in  a  different  way,  is  shown  at  7.  The  black  cardboard  disk 
is  provided  with  a  central  eyelet,  which  receives  the  crank 
pin,  as  in  the  case  of  the  perforated  disk.  On  each  of  two 
diametrical  lines  crossing  each  other  at  right  angles  are 
formed  pairs  of  holes,  in  which  are  cemented  silvered  glass 
beads  or  bright  spherical  steel  buttons.  The  latter  were 
used  on  the  disk  illustrated.  They  are  symmetrically  ar- 
ranged, so  that  the  inner  four  may  follow  each  other  in  the 
same  path,  and  the  outer  four  may  follow  each  other  in  a 
path  of  their  own. 

By  treating  this  disk  after  the  manner  of  the  perforated 
disk  above  described,  many  brilliant  and  surprising  effects 
may  be  produced. 

By  holding  one  edge  of  the  disk  lightly  between  the 
thumb  and  finger,  so  that  it  will  not  revolve,  but  will  be 
made  to  gyrate  by  the  little  crank,  each  button  will  describe 
a  3-8  inch  circle,  or  a  small  oval,  or  an  ellipse,  as  shown 
at  7.  By  allowing  the  disk  to  slip  slowly  between  the 
thumb  and  finger,  a  series  of  double  scrolls  will  be  pro- 
duced, as  shown  at  8. 

On  varying  the  speed  of  rotation  by  the  application  of 
more  or  less  friction  to  the  disk,  a  great  variety  of  intricate 
and  beautiful  figures  are  produced.  Examples  are  shown  at 
9,  10,  and  II,  Plate  III.  The  effect  shown  at  11  is  secured 
by  allowing  the  edge  of  the  gyrating  disk  to  strike  the  fin- 
ger once  during  each  gyration.  The  luminous  curve  in  this 
case  appears  to  have  a  slow  retrograde  motion. 

In  Fig.  176  is  shown  a  cardboard  disk  mounted  loosely 
on  the  top  spindle  and  provided  with   two   series   of  black 
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radial  bars,  the  inner  series  having  13  bars,  the  outer  series 
having  12  bars.  To  the  chuck  inserted  in  the  spindle  is 
secured  a  black  disk  having  four  radial  slits. 

When  the  top  is  revolved  and  the  lower  disk  is  re- 
tarded, some  very  curious  illusions  will  be  produced.  At 
times  one  part  of  the  lower  disk  will  appear  to  remain  sta- 
tionary, while  the  other  part  will  appear  to  revolve.  Again, 
the  two  series  of  radial  bars  will  appear  to  rotate  in  oppo- 
site directions.  Viewed  in  another  way  they  appear  curved. 

By  replacing  the  slitted  disk  with  the  perforated  disk, 
and  arranging  the  perforated  disk  so  that  it  may  be  retarded 

Fig.   176. 
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by  the  friction  of  the  finger,  some  curious  effects  will  be 
seen.  The  different  rows  of  holes  will  appear  to  advance 
and  recede  in  a  very  erratic  way.  Fig.  177,  12  to  15  inclu- 
sive, illustrate  the  well  known  and  ver}'  interesting  toy 
known  as  the  chameleon  top.  This  top  is  shown  in  this 
connection,  as  the  beautiful  experiments  which  have  been 
adapted  to  it  may  be  transferred  with  great  advantage  to 
the  heavier  top  ;  12  shows  the  top  itself,  with  the  black  sec- 
tor lifted  out  of  its  normal  position  to  show  the  colored 
segments  on  the  face  of  the  top. 

When  the  top  is  spun  with  the  black  sector  resting  on  its 
face,  a  great  variety  of  changes  of  hue   may  be  produced 
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by  retarding  the  sector,  b}'  touching  the  metaUic  radially 
ribbed  disk  attached  to  its  center.  This  operation  causes  it 
to  shift  its  position  on  the  top,  and  expose  the  different  col- 
ored segments  in  succession.  Persistence  of  vision  causes 
the  segments  to  appear  as  circular  bands  of  color,  which 
constantly  change. 

When  the  colored  paper  ellipses  shown  at  13  are  thrown 

Fig.  177. 
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upon  the  top  and  touched  by  the  finger,  the  colors  are  curi- 
ously blended. 

The  tricolored  disk  shown  at  14  is  to  be  supported 
loosely  on  one  of  the  wires  shown  at  15.  This  disk,  when 
revolved,  yields  some  very  pretty  effects.  The  wires  shown 
at  15,  when  inserted  in  the  hollow  top  spindle  and  revolved, 
produce  the  figures  shown  in  the  upper  portion  of  the 
engraving,  appearing  like  phantom  vases,  bowls,  etc. 
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When  this  experiment  is  adapted  to  the  large  top,  the 
wires  are  replaced  by  thin  nickel-plated  tubes,  inserted  in 
wooden  pins  fitted  to  the  spindle  of  the  top.  The  tubes  are 
provided  at  their  upper  ends  with  small  spherical  knobs. 

In  addition  to  the  experiments  described,  there  are  of 
course  many  others  of  equal  interest  which  may  be  per- 
formed by  means  of  a  heavy  top. 

The  engraving  represents  an  attachment  to  the  "  scienti- 
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fic  top,"  by  means  of  which  the  beautiful  and  instructive  ex- 
periments of  Koenig  may  be  readily  repeated.  The  part  of 
the  apparatus  carried  by  the  top  consists  of  two  pieces  of 
ordinary  silvered  glass  (looking  glass),  214  by  5  inches,  se- 
cured to  opposite  sides  of  a  light  wooden  frame  of  the  same 
size,  and  3-4  inch  thick,  by  means  of  strips  of  stout  black 
paper  attached  to  the  frame  and  to  the  edges  of  the  glasses. 
The  upper  and  lower  edges  of  the  wooden  frame  are  bored 
at  the  center  to  receive  the  rod  inserted  in  the  bore  of  the 
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top  spindle.  The  frame  fits  the  rod  loosely,  and  is  revolved 
by  frictional  contact  with  the  rod  and  the  upper  end  of  the 
top  spindle.  This  arrangement  allows  the  mirror  to  revolve 
at  a  comparatively  low  rate  of  speed,  the  resistance  of  the 
air  causing  the  mirror  frame  to  slip  on  the  rod. 

It  is  necessary  thus  to  provide  for  the  slow  rotation  of 
the  mirrors,  as  the  ilame  points  would  be  blended  into  a  con- 
tinuous band  of  light  by  the  persistence  of  vision  were  the 
mirrors  allowed  to  revolve  as  rapidly  as  the  top. 

The  device  for  producing  the  variable  flame  is  shown  in 
perspective  in  Fig.  178  and  in  sec- 
tion in  Fig.  179.  It  consists  of  a 
cell  formed  of  two  parts,  one  in- 
serted in  the  other,  and  provided 
with  an  air  chamber,  covered  by  a 
diaphragm  of  very  thin  soft  rub- 
ber, a  gas  pipe  entering  the  lower 
side  of  the  cell  at  one  end  of  the 
diaphragm,  and  a  fine  gas  burner 
inserted  in  the  cell  upon  the  same 
side  of  the  diaphragm.  A  mouth- 
piece communicates  with  the  air 
chamber  of  the  cell  through  a 
flexible  tube,  and  the  gas  pipe  lead- 
ing to  the  cell  is  connected  with 
the  house  supply.  The  gas  burner 
is  provided  with  a  narrow  shade, 
which  shields  the  eye  of  the  ob- 
server from  the  direct  light  of  the 
flame.  The  top  having  been  set  in  motion,  the  mirror  is 
applied  and  sounds  are  uttered  in  the  mouthpiece.  By 
viewing  the  reflection  of  the  flame  in  the  revolving  mirror, 
it  will  appear  as  if  formed  of  a  regular  series  of  pcjinted 
jets,  the  persistence  of  the  successive  images  formed  on 
the  retina  causing  them  to  appear  as  if  produced  simul- 
taneously. 

The  vibrations  of  the  diaphragm  due  to  the  sound 
waves  impinging  upon  it  cause  the  gas  to  be  pushed  out  of 
the  burner  in  little  puffs,  which  are  not  very  noticeable  when 
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the   flame   is     observed   directly,   but    which    are   clearly 
brought  out  when  examined  by  the  revolving  mirror. 

By  employing  a  double  mouthpiece,  two  sets  of  flame 
points  of  different  lengths  alternating  with  each  other  may 
be  shown.  Each  vowel  sound  yields  a  characteristic  series 
of  flame  points.  A  whistle  will  yield  very  fine  points,  while 
a  very  low  bass  note  will  produce  scarcely  more  than  a  sin- 
gle point  for  each  half  revolution  of  the  mirror. 
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CHAPTER  X. 

HEAT. 

Heat  is  the  manifestation  of  an  extremely  rapid  vibra- 
tory motion  of  the  molecules  of  a  body.  An  increase  in  the 
velocity  and  amplitude  of  the  vibrations  increases  the  tem- 
perature of  the  body.  A  heated  mass  can  impart  vibratory 
motion  to  the  ether  which  fills  space  and  permeates  all 
bodies,  and  these  wave  motions  of  the  ether  are  able  to 
reproduce  in  bodies  motions  similar  to  those  by  which  they 
were  caused.* 

The  more  obvious  effects  of  heat  are  expansion,  fusion, 
and  vaporization.  All  bodies  increase  in  volume  when 
heated  ;  gases  being  the  most  expansible,  liquids  next,  and 
solids  the  least.  Heat  may  partially  or  wholly  balance 
molecular  attraction.  Hence  it  is  that,  when  heated,  solids 
first  expand,  then  (if  no  chemical  action  occurs)  soften  and 
become  liquid,  and  finally  vaporize. f  Liquids  are  changed 
into  vapors,  and  gases  are  rarefied. 

EXPANSION. 

Expansion  takes  place  in  all  directions.  To  render  this 
phenomenon  apparent,  an  elongated  and  attenuated  body, 
such,  for  example,  as  a  fine  wire,  is  chosen  and  its  linear  ex- 
pansion only  is  noted.  Fig.  i8o  shows  an  instrument  for  ex- 
hibiting the  linear  expansion  of  a  long  thin  wire,  i  and  2  being 
respectively  front  and  side  views.  The  instrument  is  pro- 
vided with  two  series  of  hard  rubber  pulleys  mounted  on 
studs  projecting  from  a  board.  A  fine  brass  wire  (No.  32) 
attached  to  the  board  at  one  end  passes  around  the  succes- 
sive pulleys  of  the  upper  and  lower  series  in  alternation,  the 
last  end  being  connected  with  one  end  of  a  spiral  spring, 
which    is    strong    enough   to  keep  the    wire    taut    without 

*"  Heat  a  Mode  of  Motion,"  by  John  Tyndall,  is  an  interesting  popular 
treatise  on  this  subject. 

f  Most  organic  bodies  oxidize  before  the  temperature  of  liquefaction  is 
reached. 
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Stretching  it.  The  other  end  of  the  spring  is  attached  to  a 
stud  projecting  from  the  board.  The  pullej-s  are  of  differ- 
ent diameters,  so  that  each  series  forms  a  cone.  By  this  con- 
struction the  wire  of  one  convolution  is  prevented  from  cov- 
ering the  wire  of  the  next. 

The  last  pulley  of  the  upper  series  is  provided  with  a 
boss,  to  which  is  attached  a  counterbalanced  index.  A 
curved  scale  is  supported  behind  the  index  by  posts  pro- 
jecting from  the  board. 

The  series  of  pulleys  are   12  inches  apart,  and  there  are 
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ten  convolutions  of  wire,  so  that  a  small  change  of  tempera- 
ture produces  sufficient  expansion  of  the  wire  to  cause  a 
perceptible  movement  of  the  index.  To  increase  the  sensi- 
tiveness of  the  instrument,  the  wire  is  blackened  by  means 
of  smoke  or  dead  black  varnish.  An  electric  current  pass- 
ing through  the  wire  heats  it  sufficiently  to  cause  a  deflec- 
tion of  the  index ;  the  amount  of  deflection  depending,  of 
course,  upon  the  strength  of  the  current. 
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SIMPLE   THERMOSTAT. 

Fig.  181  shows  a  simple  thermostat  which  is  capable  of 
many  useful  applications.  It  is  represented  with  an  index 
and  scale,  but  these  are  not  essential  for  nr.ost  purposes. 

The  instrument  depends  for  its  operation  on  the  differ- 
ence between  the  expansion  of  brass  and  steel.  The  linear 
•expansion  of  brass  is  nearly  double  that  of  steel,  so  that 
when  a  curved  bar  of  brass  is  confined  at  the  ends  by  a 
straight  bar  of  steel,  the  brass  bar  will  elongate  more  than 

Fig.   i8i. 
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the  steel  bar  when  both  are  heated,  and  will  in  consequence 
become  more  convex. 

At  2  are  shown  two  bars,  the  straight  one  being  of  steel, 
the  curved  one  of  brass.  The  steel  bar  is  slit  for  a  short 
distance  in  two  places  at  each  end,  and  the  ears  thus  formed 
are  bent  in  opposite  directions  to  form  abutments  for  the 
ends  of  the  curved  brass  bars,  two  brass  bars  being  held  by 
a  single  steel  bar,  thus  forming  a  compound  bar,  as  shown 
at  3.  Each  compound  bar  is  drilled  through  at  the  center. 
Ten    or   more    such    compound    bars    are    strung    together 
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loosely  upon  a  rod,  which  is  secured  to  a  fixed  support.  A 
stirrup  formed  of  two  rods  and  two  cross  pieces  rests  upon 
the  upper  compound  bar  and  passes  upward  through  the 
support.  Above  the  support  it  is  connected  by  a  link  with 
a  sector  lever  which  engages  a  pinion  on  the  pivot  of  the 
index.  The  use  to  which  the  thermostat  is  to  be  applied 
will  determine  its  size  and  construction.  It  may  be  used 
in  connection  with  kilns  and  ovens  and  for  operating  dam- 
pers, valves,  and  electric  switches. 

AIR    THERMOMETER. 

The  air  thermometer,  consisting  of  an  air  bulb,  A,  and 
capillary  tube,  B,  plunged  in  a  colored  liquid,  shows  changes 
in  the  volume  of  air  due  to  expansion  and 
contraction  under  changes  of  temperature  by 
the  rising  or  falling  of  the  column  of  the 
colored  liquid  in  the  capillary  tube.  It  is  a 
sensitive  thermometer,  bvit  of  little  practical 
value,  on  account  of  the  variability  of  the 
volume  of  air  by   changes  of   pressure. 

PULSE    GLASS. 

The  pulse  glass  (Fig.  183)  is  due  to  Franklin. 
It  consists  of  two  glass  bulbs,  formed  on  op- 
posite ends  of  a  tube  bent  twice  at  right 
angles,  the    system    being    partly    filled    with 
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Air  Thermo- 
meier. 


water,  the  air  hav- 
ing been  expelled 
by  boiling  the 
water  before  seal- 
ing the  tube. 
When     the     bulb 


Fig 


Pulse  Glass. 

which  contains  the  water  is  held  in  the  hand,  and  the  tube 
is  placed  in  horizontal  position,  the  rapid  evaporation  of 
the  water  by  the  warmth  of  the  hand  creates  a  pressure 
which  causes  the  transfer  of  the  water  to  the  cooler  bulb. 
The  quick  evaporation  of  the  thin  film  of  water  adhering  to 
the  sides  of  the  otherwise  empty  bulb  increases  the  pressure, 
and  causes  a  rapid  ebullition  of  the  water  in  the  other  bulb. 
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and  at  the  same  time  carries  off  the  heat  to  such  an  extent 
as  to  produce  a  very  decided  sensation  of  cold.* 

When  the  bulb  is  held  at  an  inclination  of  about  40°,  the 
water  pulsates  from  one  bulb  to  the  other.     The  interior  of 
the  cool  bulb  becomes  quickly  dry,  and  evaporation   in  it 
therefore  ceases.     The  water  from  the  other 
bulb  at  once  flows  back  into  the  lower  one,  to 
be  again  expelled  by  renewed  expansion  and 
evaporation. 

The  instrument  operates  continuously 
and  very  regularly  when  placed  in  a  hori- 
zontal position  upon  a  table,  with  one  of  the 
bulbs  in  the  vicinity  of  a  lamp,  that  is, 
within  eight  or  ten  inches  of  the  flame,  the 
other  bulb  being  placed  as  far  as  possible 
away  from  the  flame  and  shaded. 

The  straight  form  of  pulse  glass,  shown  in 
Fig.  184,  exhibits  the  vaporization  of  water  hi 
vacuo  to  better  advantage  than  the  bent  form. 

When  the  bulb  is  held  in  the  hand,  the 
rapid  evaporation,  by  the  warmth  of  the  hand, 
of  the  water  flowing  through  the  narrow  neck 
of  the  tube  and  down  the  inner  surface  of  the 
bulb  creates  a  pressure  of  vapor,  which  finds 
exit  through  the  neck  of  the  tube,  and  bub-  ^ 

bling  up  through  the  main  body  of  the  water, 
is  condensed  either  in  the  water  or  above  it.    Sometimes  the 
tube,  when  designed  for  use  as  a  toy,  contains  the  figure  of 
an  imp,  which  the  ebuUition  of  the  water  agitates  violently. 

THERMOSCOPIC   BALANCE. 

The  action  of  the  thermoscopic  balance,  shown  m  Fig. 
185,  is  due  to  the  facility  with  which  Hquids  evaporate  in  a 
vacuum.  A  small  amount  of  heat  is  sufficient  to  vaporize  the 
liquid  to  the  extent  required  to  secure  the  desired  action. 
The  instrument  is  provided  with  a  glass  tube  bent  twice  at 
right  angles,  and   having  a  bulb   blown  on   each  end.     The 

*  This  phenomenon  is  one  of  latent  heat,  a  subject  omitted  here,  but 
treated  at  length  in  text-books  on  physics. 
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tube  and  the  bulbs,  like  the  pulse  glass,  are  partly  filled  with 
water,  and  a  vacuum  is  secured  by  boiling  the  water  in  the 
bulbs  before  sealing  them.  The  center  of  the  tube  is  fur- 
nished with  V-pivots,  which  rest  in  bearings  in  the  top  of 
the  forked  column.  The  column  also  supports  a  metal 
screen,  which  is  bright  one  side  and  black  on  the  other. 
Two  pins  project  from  the  screen  to  limit  the  movements  of 
the  glass  tube  and  bulbs. 

When  the  instrument  is  in  use,  the  screen  is  placed 
toward  the  source  of  heat,  and  when  radiant  heat  strikes  the 
bulb  which  is  unshielded  by  the  screen,  the  water  in  that 
bulb  is  vaporized,  and  sufficient  pressure  is  produced  to 
drive  the  water  upward  into  the  bulb  behind  the  screen. 
When  a  little  more  than  half  of  the  water  has  been  in  this 
manner  forced  from  the  lower  to  the  higher  bulb,  the  upper 
bulb  preponderates.  The  tube  and  bulbs  are  supported  on 
their  pivot  so  as  to  secure  unstable  equilibrium,  so  that, 
when  the  upper  bulb  begins  to  descend,  it  completes  its  ex- 
cursion at  once,  and  exposes  the  full  bulb  to  the  radiant 
heat,  at  the  same  time  carrying  its  empty  bulb  behind  the 
screen,  where  it  cools.  The  transfer  of  the  water  from  the 
full  bulb  to  the  empty  one  now  occurs  as  before.  This  oper- 
ation is  repeated  so  long  as  the  bulbs  are  exposed  to  the  action 
of  radiant  heat.  The  oscillations  may  be  quickened  by  smok- 
ing the  sides  of  the  bulbs  remote  from  the  screen,  and  still 
greater  rapidity  of  action  may  be  secured  by  concentrating 
the  heat  on  the  bulbs  by  means  of  condensers  or  reflectors. 

The  principle  of  the  thermoscopic  balance  has  been  util- 
ized in  the  construction  of  an  electric  meter.  To  render  it 
available  for  this  purpose,  a  coil  is  inserted  in  each  bulb 
above  the  water  line  and  electric  connections  are  provided, 
by  which  the  current  is  sent  through  the  coils  in  alternation 
as  the  bulbs  tilt.  The  current  thus  commuted  heats  first 
one  coil  and  then  the  other,  causing  the  transfer  of  the 
water  from  one  bulb  to  the  other  in  the  manner  already 
described.  Registering  mechanism  is  provided  which  re- 
cords the  number  of  oscillations  of  the  tube.  The  rapidity 
of  the  operation  of  the  instrument  is  proportional  to  the 
strength  of  the  current. 
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CRVOPHORUS. 

Wollastoii's  cryophorus  is  similar  in  form  and  principle 
to  the  pulse  glass,  the  only  difference  being  that  the  tube 
connecting  the  two  bulbs  is  made  much  larger,  to  avoid 
choking  by  ice — a  thing  sure  to  occur  when  the  tube  is  of 
small  diameter — the  water  vapor  which  is  drawn  toward 
the  empty  bulb  (in  a  manner  presently  to  be  described) 
being  condensed  and  frozen  on  the  walls  of  the  tube  to  such 
an  extent  as  to  entirely  close  it. 

The  cryophorus  in  process  of  construction  is  partly 
filled  with  water,  which  is  boiled  in  the  bulbs  before  sealing, 
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WoUaston's  Cryophorus 


to  drive  out  the  air.  When  the  empty  bulb  of  the  appara- 
tus is  placed  in  a  freezing  mixture  of  ice  and  salt,  for  exam- 
ple, the  evaporation  of  the  water  in  the  filled  bulb,  due  to 
the  cooling  and  condensation  of  vapor  in  the  empty  bulb,  is 
rapid  enough  to  carry  off  the  heat  to  such  an  extent  as  to 
cause  the  water  to  freeze.  Instead  of  employing  the  freezing 
mixture,  a  spray  of  ether  or  bisulphide  of  carbon  may  be 
projected  upon  the  empty  bulb  with  the  same  results. 

This  is  a  very  interesting  experiment,  illustrating  the 
principle  of  freezing  b}^  rapid  evaporation.  It  also  exhibits 
the  change  of  state  of  water  from  gaseous  through  liquid  to 
solid  condition. 
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RADIOMETER. 

The  radiometer  is  a  heat  engine  of  remarkable  deUcacy 
as  well  as  great  simplicity.  It  illustrates  a  class  of  pheno- 
mena discovered  by  Crookes,  which  are  difficult  to  explain 
in  a  brief  and  popular  way.* 

The  instrument  consists  of  a  very  slight  spider  of  alumi- 
num supporting  on  the  end  of  each  of  its  four  arms  a  very 
thin  mica  plate  blackened  on  one  side 
and  silvered  on  the  other  side. 

The  aluminum  spider  is  provided  with 
a  jewel,  which  rests  upon  a  delicate  needle 
point  supported  at  the  center  of  the  glass 
globe. 

The  spider  is  retained  on  its  pivot  by 
a  small  tube  extending  downward  from 
the  top  of  the  globe.  When  placed  in 
sunlight  or  near  a  gas  or  lamp  flame,  the 
vanes  revolve  rapidly. 

An  alum  cell  interposed  between  the 
radiometer  and  the  source  of  light  and 
heat  allows  the  light  to  pass,  but  inter- 
cepts the  heat  ravs.  Under  these  conditions  the  vane  will 
not  rotate.  An  iodine  cell,  which  is  opaque  to  light,  when 
arranged  in  the  same  way  allows  the  heat  rays  to  go  through, 
and  these  cause  the  rotation  of  the  vane. 


Radiometer 


TYNDALL  S  EXPERIMENT  ON  RADIANT  HEAT. 

It  often  happens  that  students  who  desire  to  test  for 
themselves  the  experiments  of  distinguished  investigators 
are  prevented  from  such  instructive  pleasures  by  the  notion 
that,  for  delicate  experiments,  fine  and  expensive  apparatus 
is  required.  Such  apparatus  is  undoubtedly  desirable  and 
pleasant  to  work  with,  but  where  it  is  not  to  be  had,  a  little 
courage  and  ingenuity  may  provide  cheap  substitutes  which 
will  perfectly  answer  the  student's  purpose.  The  crude 
apparatus  herewith  figured  illustrates  this  fact. 

*  "The  Principles  of  Physics,"  by  Alfred  Daniel,  contains  a  clear  expla- 
nation of  the  radiometer. 
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The  interesting  experiment  of  Tyndall  on  radiant  heat 
was  suggested  to  him  by  Prof.  Bell's  photophonic  experi- 
ment, in  which  musical  sounds  are  obtained  by  the  action  of 
an  intermittent  beam  of  light  upon  a  solid  body.  Referring 
to  this,  Prof.  Tyndall  says : 

"  From  the  first  I  entertained  the  opinion  that  these 
singular  sounds  were  caused  by  rapid  changes  of  tempera- 
ture, producing  corresponding  changes  of  shape  and  volume 
in  the  bodies  impinged  upon  by  the  beam.  But  if  this  be 
the  case,  and  if  gases  and  vapors  really  absorb  radiant  heat, 
they  ought  to  produce  sounds  more  intense  than  those 
obtained  from  solids.  I  pictured  every  stroke  of  the  beam 
responded  to  by  a  sudden  expansion  of  the  absorbent  gas, 
and  concluded  that  when  the  pulses  thus  excited  followed 
each  other  with  sufficient  rapidit3%  a  musical  note  must  be 
the  result.  It  seemed  plain,  moreover,  that  by  this  new 
method  many  of  my  previous  results  might  be  brought  to 
an  independent  test.  Highly  diathermanous  bodies,  I  rea- 
soned, would  produce  faint  sounds,  while  highly  atherman- 
ous  bodies  would  produce  loud  sounds — the  strength  of  the 
sound  being,  in  a  sense,  a  measure  of  the  absorption.  1  he 
first  experiment,  made  with  a  view  of  testing  this  idea,  was 
executed  in  the  presence  of  Mr.  Graham  Bell,  and  the  result 
was  in  exact  accordance  with  what  I  had  foreseen." 

The  writer  has  successfully  repeated  Prof.  Tyndall's 
experiment  with  the  simple  apparatus  shown  in  the  illustra- 
tion (Fig.  1 88).  Apparatus  already  at  hand  was  utilized.  A 
small  sized  bulbous  glass  flask,  if  inches  in  diameter,  was 
mounted  in  a  test  tube  holder,  and  placed  behind  a  rotating 
pasteboard  disk,  12  inches  in  diameter,  having  twelve  aper- 
tures i^  inches  wide  and  ij  inches  long.  Several  flasks  of 
the  same  capacity  were  provided  and  filled  with  the  differ- 
ent gases  and  vapors,  and  stoppered,  to  be  used  at  conven- 
ience. Near  the  disk  was  placed  a  common  gas  flame,  and 
into  the  mouth  of  the  flask  was  inserted  one  end  of  a  long 
rubber  tube,  the  other  end  being  provided  with  a  tapering 
ear  tube,  placed  in  the  ear  of  the  listener,  whose  position  was 
sufficiently  remote  from  the  apparatus  to  avoid  any  possible 
disturbance  from  the  revolving  disk  or  the  operator.     The 
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disk  being  rotated  so  as  to  rapidly  intercept  the  thermal  and 
luminous  rays  of  the  gas  flame  and  render  the  rays  rapidly 
intermittent,  the  effect  on  the  gases  and  vapors  contained 
by  the  different  bulbs  was  noted.  Dry  air  produced  no 
sound  ;  moistened,  it  yielded  a  distinctly  audible  tone,  cor- 
responding in  pitch  with  the  rapidity  of  the  interruptions 
of  the  thermal  rays.* 

Among  gases  tried,  nitrous  oxide  and  illuminating  gas 
yielded  the  loudest  sounds.  Among  vapors,  water  and  sul- 
phuric ether  were  most  susceptible  to  the  intermittent  rays. 
A  candle  flame  produced  distinctly  audible  sounds  in  the 
more  sensitive  gases,  and  a  hot  poker  replacing  the  gas 
flame  yielded  the  same  results. 

By  using  an  ordinary  concave  spun  metal  mirror,  the 
heat  of  the  flame  was  satisfactorily  projected  from  a  consid- 
erable distance.  Considering  the  crudeness  of  the  appara- 
tus and  the  delicacy  of  the  action  which  produces  the  sounds, 
it  appears  remarkable  that  any  satisfactory  results  were 
obtained,  and  the  experiment  shows  that  any  one  interested 
in  the  liner  branches  of  scientific  investigation  may  often, 
with  the  exercise  of  a  little  care,  enjoy,  without  material 
expense,  those  deeply  interesting  experiments. 

REFLECTION   AND    CONCENTRATION    OF    HEAT. 

In  this  experiment  the  concave  mirrors  described  in  a 
previous  chapter  are  employed  in  reflecting  and  concentrat- 
ing heat. 

Instead  of  placing  the  watch  in  the  focus  of  the  reflector, 
B,  as  in  the  sound  experiment,  an  air  thermometer,  E,  is 
supported  upon  two  stands,  F  F,  as  shown  in  Fig.  189,  with 
its  bulb  in  the  focus  of  the  reflector.  The  bulb  is  smoked 
over  a  candle,  and  when  it  is  nearly  cold  a  drop  of  water  or 
mercury  is  introduced  into  the  capillary  tube  to  serye 
as  an  index.  The  candle  is  removed  until  the  drop  in 
the  tube  ceases  to  move.  It  is  then  replaced.  In  a  very 
short  time  the  drop  will  be  pushed  outward  by  the  expan- 

*  The  tone  to  be  expected  from  the  gas  or  vapor  when  acted  on  by  radiant 
heat  may  be  determined  by  blowing  through  a  tube  against  the  apertured 
portion  of  the  rotating  disk. 
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sion  of  the  air  in  the  bulb.  The  candle  is  again  removed, 
and  when  the  drop  has  returned  to  the  point  of  starting  and 
ceased  movmg,  a  lump,  C,  of  ice  is  placed  on  the  stand,  D, 


Reflection  of  Heat. 

in  the  focus  of  the  reflector,  A.  Immediately  the  air  con- 
tracts in  the  thermometer  and  draws  the  drop  in.  Each  of 
the  two  bodies  is  radiating,  and  receiving  heat  radiated  from 
the  other.  But  the  ice  radiates  less  than  the  bulb ;  hence 
the  bulb  gives  out  more  than  it  receives,  and  the  fall  of  tem- 
perature is  shown  by  motion  of  the  index. 

Fig.    190. 


Conduction  of  Heat. 
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THE   CONDUCTIVITY   OF   METALS. 

The  conductivity  of  metals  for  heat  is  admirably  shown 
by  the  simple  device  illustrated  in  Fig.  190.  To  a  strip,  A,  of 
iron  are  attached  strips,  B  C,  of  brass  and  copper.  The  ends 
of  all  the  strips  are  bent  upward  and  inward,  and  the  ends 
of  the  strips  are  split  and  curved  to  form  loops  for  loosely 
holding  matches,  the  sulphur  ends  of  which  rest  upon  the 
strips  by  their  own  gravity.  The  junction  of  the  strips  is 
heated  as  shown.  The  match  on  the  copper  strip  ignites 
first,  that  on  the  brass  next,  and  that  upon  the  iron  last,  show- 
ing that,  of  the  three  metals,  copper  is  the  best  conductor 
of  heat  and  iron  the  poorest. 

HEAT    DUE    TO   FRICTION. 

Every  engineer  having  machinery  in  charge  knows 
something  of  this  subject.  Badly  proportioned  or  poorly 
lubricated  journals  often  become  intensely  heated  b}- 
undue  friction.  Occasionally  a  red  hot  journal  is  seen. 
Wherever  there  is  friction  there  is  heat.  Often  kinetic 
energy  is  transformed  through  friction  into  heat,  which  is 
dissipated  by  radiation  into  space,  thus  causing  a  loss  of 
energy  in  a  commercial  sense,  while  in  a  physical  sense  it 
still  exists,  but  in  another  form. 

HEAT   DUE    TO   PRESSURE   AND   COMPRESSION. 

Hammering  a  nail  rod  until  it  is  red  hot  and  forging  a 
nail  without  a  fire  is  one  of  the  feats   of  the    blacksmith. 

Fig.   191. 


Pneumatic  Syringe. 

The  compression  of  the  iron  by  the  blows  of  the  hammer 
increases  its  temperature  to  such  a  degree  as  to  render  this 
possible.     The  impact  of  a  bullet  on  a  hard  surface  gener- 
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ates  sufficient  heat  to  melt  the  lead  of  which  the  bullet  is 
formed.  Numerous  instances  might  be  given  of  the  gener- 
ation of  heat  by  the  impact  of  solid  bodies. 

Gases  are  also  heated  by  compression.     By  placing  some 
dry  tinder  or  cotton  moistened  with  ether  in  the  pneumatic 
syringe  (pop  gun),  Fig.  191,  and  quickly  forcing  in   the  pis- 
ton, so  as  to  strongly  compress  the  air  Fir..  192. 
contained  in  the  barrel  of  the  syringe, 
the  temperature  of  the  air  will  be  raised 
sufficiently  to  ignite  the  tinder  or  cotton. 

FORCE   OF   STEAM. 

The  candle  bomb,  shown  in  Fig.  192, 
exhibits  the  explosive  power  of  steam.  M 
It  consists    of    a    small  bulb    of    glass 
filled   with    water   and    sealed.      When         Candle  Bomb, 
the  bomb  is  held  in  a  candle  flame  by  means  of  a  wire  loop, 
the  water  is  converted  into  steam  and  an  explosion  occurs.* 

The  least  expensive  machine  for  applying  to  mechanical 
work  the  force  exhibited  by  the  candle  bomb  is  the  fift}-- 
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cent  steam  engine,  shown  in  Fig.  193.  It 
is  a  small  and  simple  machine,  but  it  is  far 
more  perfect  than  the  steam  engines  of 
our  forefathers.  It  will  readily  make  800 
to  1,000  revolutions  per  minute.  It  is  a 
wonderfully  inexpensive  example  of  the 
world's  greatest  motive  power.  Its  con- 
struction is  so  well  known  that  an  extended 
description  seems  superfluous. 

The  standard  which  supports  the  crank 
shaft  also  forms  the  support  of  the  trun- 
nion of  the  oscillating  cylinder.  The  pis- 
Fiity-cent  Engine,  ton  is  connected  directly  with  the  crank 
pin  projecting  from  the  fly  wheel.  The  face  of  the  cylinder 
which  contacts  with  the  standard  forms  the  valve  for  admit- 
ting steam  to  the  cylinder  and  releasing  it  after  use.  A 
passage  in  the  standard  conveys  steam  from  the  boiler  to 

*  A  guard  of  some  kind  should   be    placed    around  the   bomb   to  prevent 
injury  to  the  experimenter. 
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the  steam  ports.  A  spiral  spring  on  the  trunnion  draws  the 
cylinder  against  the  standard.  The  cylinder  thus  arranged 
is  made  to  serve  as  a  safety  valve.  A  small  alcohol  lamp 
is  used  as  a  source  of  heat. 


Fig,   194. 


ASCENSIONAL    POWER   OF   HEATED   AIR. 

The  ascensional  power  of  heated  air  is  exhibited  by  the 
draught  of  every  chimney.  It  is  shown  by  the  fire  balloon 
and  by  the  upward  tendency  of  every  fiame.  It  is  the  prime 
factor  in  the  propelling  power  of  one  of  the  most  ancient  of 

motors — the  windmill ;  wind 
being  only  air  rushing  for- 
ward to  take  the  place  of  air 

,  —      ^  -   -  '^ ^mii^B'        which  is    rising  because  it  is 

^■^^  ^  '-'-  ^Si!^Mi^^K        rarefied  by  heat. 

The  power  derived  directly 
from  an  ascending  column  of 
heated  air  has  never  been 
utilized  except  as  a  motor  for 
ventilators,  for  running  me- 
chanical toys,  and  to  some 
extent  for  operating  small 
mechanical    signs. 

The  toy  motor  shown  in 
the  annexed  engraving  is  too 
familiar  to  require  description.  It  is  generally  placed  over 
a  lamp  chimney  or  at  the  side  of  a  stovepipe,  where  the 
rapidly  ascending  heated  air  may  impinge  on  the  inclined 
vanes.  The  air,  acting  on  the  vanes  according  to  the  well 
known  law  of  the  inclined  plane,  produces  a  lateral  move- 
ment of  each  vane,  and  the  vanes  being  restrained  at  the 
center  of  the  wheel  while  free  at  their  outer  ends  are  com- 
pelled to  move  circularl3^ 

HVGROMETRY. 

The  toy  hygroscope  serves  to  show  approximately  the 
hygrometric  state  of  the  atmosphere.  One  of  the  several 
forms  in  which  it  is  made  is  shown  in  the  annexed  engrav- 
ing     A  perforated  metal  tube,  projecting  from  the  back  of 
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the  figure,  contains  a  short  piece  of  catgut  cord,  which  is 
fastened  in  the  rear  end  of  the  tube  by  closing  the  sides  of 
the  tube  down  upon  it.  The  opposite  end  of  the  cord  pro- 
jects beyond  the  front  of  the  figure,  and  is  attached  to  the 
arm  of  the  boy.  In  the  hand  of 
the  arm  thus  supported  is  carried 
an  umbrella.  When  the  air  is  dry, 
the  catgut  cord  retains  its  twist, 
and  the  arm  holds  the  umbrella  out 
of  the  position  of  use  ;  but  when 
the  air  becomes  moist,  the  cord 
swells  slightly,  and  untwists,  and 
in  so  doing  raises  the  boy's  arm  and 
brings  the  umbrella  over  his  own 
head  and  over  the  head  of  his  com- 
panion. 

Another  form  of  the  same  de- 
vice consists  of  a  house  having 
two  doors  and  containing  two 
figures — a  man  with  an  umbrella 
and  a  woman  in  fair-weather  dress ;  the  figures  being  sup- 
ported on  opposite  ends  of  a  bar  suspended  centrally  by 
a  catgut  cord.  When  the  cord  is  untwisted  by  the  action 
of  moisture,  the   man   with  the    umbrella  sallies  out ;  when 

the  cord  becomes 
dry,  the  man  re- 
turns indoors  and 
the  woman  appears. 
These  simple, 
pleasing,  a  n  d  in- 
structive toys  illus- 
trate the  action  of 
moisture  on  certain 
porous  bodies,  and 
are  of  interest,  if 
not  of  actual  use,  to  the  meteorological  observer.  The 
action  of  the  sensitive  leaf  shown  in  the  engraving  is  also 
due  to  expansion  by  absorption  of  moisture.  The  leaf 
consists  of  a  piece  of  thin  gelatinized  paper  or  gold  beater's 
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skin,  or  even  of  gelatine,  printed  in  some  fantastic  design, 
that  of  the  mermaid  being  the  favorite.  When  the  leaf  is 
laid  upon  the  palm  of  the  hand,  the  moisture  of  the 
hand  is  absorbed  by  one  side  of  the  leaf,  and  more  in  some 
places  than  in  others,  owing  to  imperfect  contact  with  the 
hand.  The  moistened  portions  rapidly  swell,  thus  warping 
the  leaf,  which  twists  and  writhes  in  every  possible  direc- 
tion, as  if  it  were  possessed  of  life.  The  leaf,  being  extremely 
thin,  quickly  becomes  dry,  so  that  the  various  contortions 
succeed  each  other  rapidly. 


CHEMICAL     THERMOSCOPE,     HYGROSCOPIC     AND       LUMINOUS 

ROSES. 

The  chemical  thermoscope  is  made  by  sealing  in  a  tube  a 
Fig.  197.  solution  of  chloride  of  cobalt  in  dilute  alcohol. 
When  the  tube  is  subjected  to  a  temperature 
of  40°  to  50°  Fah.,  the  solution  becomes  pink, 
and  as  its  temperature  is  raised  to  90°  or  100°, 
it  passes  through  various  shades  of  purple,  and 
finally  becomes  blue. 

The  same  salt  applied  to  an  artificial  flower, 
a  rose  for  example,  renders  it- visibly  hygro- 
scopic. When  the  air  is  humid,  the  rose  is 
pink ;  and  when  the  air  is  warm  and  dry,  the 
rose  will  be  purple  or  blue.  A  solution  of  the 
same  salt  constitutes  one  of  the  sympathetic  inks. 
The  luminous  rose  shown  in  the  same  vase 

with  the  hygroscopic  rose   is   a   beautiful  example  of   the 

wonderful    property    of    storing    light  possessed    by  some 

bodies.     The  light-storing  propert}'  is  given  the  rose  by  a 

coating  of    luminous  paint,  the  basis  of 

which  is  sulphide  of  calcium.     This  rose, 

if  exposed  to  a  strong  light  during  the 

day,  will    be  luminous    throughout   the 

night. 

The    exact    nature    of    the    change 

which  takes  place  in  the  phosphorescent 

substance  while  exposed  to  the  light  is 

,  T,     •  1^11.  Hygrosc  pic  and  Lum- 

unknown.     It  is  supposed  to  be  due  to  inous  Roses 
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some  modifying  action  of  the  ligiit,  rather  than  chemical 
action.  It  has  been  ascertained  that  the  phosphorescence 
takes  place  in  vacuo  as  well  as  in  air.  Luminous  paint  has 
many  practical  applications.  It  is  used  on  buoys,  guide- 
posts,  gates,  etc.,  to  render  them  visible  at  night.  It  is 
applied  to  match  safes  with  obvious  advantage. 
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CHAPTER  XL 


LIGHT. 


Various  hypotheses  have  been  made  regarding  the 
nature  and  origin  of  light.  The  most  important  of  these 
are  the  emission  or  corpuscular  theory  and  the  undulatory 
theor)^ 

The  emission  or  corpuscular  theory  of  light  was  sup- 
ported b}'  Newton.  It  supposes  light  to  consist  of  exceed- 
ingly small  particles,  projected  with  enormous  velocity 
from  a  luminous  body.  Although  this  theory  seems  to  have 
support  in  man}'  of  the  phenomena  of  light,  the  velocity  of 
light  alone,  as  at  present  recognized,  would  seem  to  render 

Fig.    igg. 
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Comparison  of  Sounti  and  Light  Waves. 

it  untenable,  however  infinitesimal  the  projected  particles 
might  be.  Tyndall  has  said  that  a  body  having  the  weight 
of  one  grain,  moving  with  the  velocity  of  light,  would  pos- 
sess the  momentum  of  a  cannon  ball  weighing  one  hundred 
and  fifty  pounds  and  moving  with  a  velocity  of  i,ooo  feet  a 
second  ;  but  the  most  delicate  tests  known  to  science  have 
failed  to  show  that  light  possesses   any  mechanical  force. 

The  emission  theory  of  light  was  opposed  first  by  Hooke, 
Huygens,  and  Euler,  who  believed  that  the  propagation  of 
light  was  due  to  wave  motion.  All  other  eminent  scientists 
supported  Newton  for  one  hundred  years,  but  the  undu- 
latory theory  was  finally  established  beyond  a  question,  by 
Young  and  Fresnel. 
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Sound  is  propagated  by  the  alternate  compression  and 
rarefaction  of  air,  the  movements  of  the  waves  being  paral- 
lel with  the  line  of  propagation.  But  not  so  with  light.  The 
vibrations  of  light  are  at  right  angles  with  its  line  of  pro- 
gression. These  transverse  vibrations,  in  ordinary  white 
light,  are  in  every  conceivable  direction  across  the  path  of 
the  light  beam.  Their  course  is  represented  by  Diagram  i. 
Fig.  199. 

We  can  readily  see  how  the  longitudinal  vibrations  of 
air  would  affect  the  ear  drum  ;  2  shows  this  action  diagram- 
matically,  the  horizontal  line.  A,  representing  the  tympanum, 
and  the  two  arrows  the  forward  and  backward  motion  of 
the  air  wave. 

Comparatively  recent  microscopical  research  has  shown 
that  the  retina  is  studded  with  fine  rods,  as  shown  at  B, 
which  are  susceptible  of  being  influenced  by  the  lateral 
movements  of  the  particles  in  the  wave  front  of  a  light 
beam. 

The  fact  that  light  is  wave  motion  necessitates  the 
assumption  of  the  existence  of  a  medium  far  more  subtile 
than  ordinary  matter,  which  pervades  all  matter  and  all 
space,  and  is  in  the  interior  of  all  bodies  of  whatever  nature. 
It  is  thin,  elastic,  and  capable  of  transmitting  vibrations 
with  enormous  velocity.  This  hypothetical  medium  is 
called  ether.  Every  luminous  body  is  in  a  state  of  vibration, 
and  communicates  vibrations  to  the  surrounding  ether. 

Although  light  is  propagated  in  straight  lines,  its  direc- 
tion may  be  changed  by  reflection,  by  any  body  that  will 
not  wholly  absorb  it.  The  reflection  of  light  from  a  mirror 
is  a  well  known  example  of  this.  The  direction  of  light 
may  also  be  changed  by  refraction,  by  causing  it  to  pass 
from  one  medium  into  another  having  a  different  densitv. 
By  holding  a  strip  of  plate  glass  obliquely  before  a  pencil 
or  similar  object,  the  bending  of  the  light  beam  is  shown 
by  the  apparent  lateral  displacement  of  the  object. 

Lewis  Wright,  in  his  excellent  work  on  light,  gives 
Huygens'  explanation  of  refraction  as  follows  : 

"  Any  beam  of  light  has  a  wave  front  across  it,  and  it  is 
obvious  that  in   meeting  any  refracting  surface   obliquely, 
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one  part  of  this  wave  front  will  meet  it  before  another.  Con- 
ceive, then,  that  while  the  ether  permeates  the  open  struc- 
ture of  all  matter,  it  is  still  hindered  in  its  motions  by  it,  as 
wind  is  hindered,  but  not  stopped,  by  the  trees.  Then  trace 
a  ray,  A  B  (Fig.  200),  to  the  refracting  surface,  C  D,  mark- 
ing off  the  assumed  length  of  its  waves  by  the  transverse 
lines.  The  front  will  be  retarded  at  E  before  it  is  retarded 
at  F,  and  we  may  assume  the  retardation  is  such  that  the  wave 
in  the  denser  medium  is  only  propagated  to  G,  while  in  the 
rarer  medium  it  reaches  H.  It  is  plain  that  the  beam  must 
swing  round  ;  but  when  the  side,  F,  also  reaches  the  denser 
medium,  the  whole    will   be   retarded  alike   and   the  beam 

Fig.  200. 


Refraction. 

will  proceed  as  before,  only  slower  and  in  a  different  direc- 
tion.    The  theory  exactly  fits  all  the  phenomena." 

As  the  beam  emerges  from  the  denser  medium,  the 
reverse  of  what  has  been  described  occurs,  and,  provided 
the  refracting  medium  is  of  uniform  thickness  and  density, 
the  beam  proceeds  in  a  path  parallel  with  its  former  course. 

In  lenses  and  prisms  the  emergent  beam  takes  an  oblique 
path,  and  in  the  case  of  lenses,  either  convergent  or  diver- 
gent, according  to  the  kind  of  lens  and  the  position  of  the 
lens  relative  to  the  object. 

PRISMS. 

Anv  refracting  body  having  plane  faces  inclined  to  each 
other  is  known  as  a  prism.  A  light  beam  passing  through 
such  a  bod}'  is  permanently  deflected.    For  example,  a  candle 
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viewed  through  a  prism  placed  as  shown  in  Fig.  201  will 
appear  to  the  observer  in  an  elevated  position.  The  light 
in  this  case  is  twice  refracted,  once  on  entering  the  glass, 
and  again  on  leaving  it. 

The  toy  known  as  the  polyprism  consists  of  a  plano-con- 
vex glass  having  a  number  of  plane  facets  on  its  convex  side. 

Fig.  201. 


Course  of  Light  through  a  Prism. 

The  facets  being  at  slightly  different  angles  with  the 
plane  face  of  the  glass,  the  rays  are  refracted  differently  at 
each  facet,  thus  producing  as  many  images  as  there  are 
facets.  One  man  seen  through  this  instrument  appears  like 
an  assemblage.     A  coin  viewed  through  it  is  multiplied  as 

Fig.  202. 
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Polyi^irism. 


many  times  as  there  are  facets,  and  a  grate  fire  appears  like 
the  conflagration  of  a  city. 

This  toy  illustrates  in  a  crude  way  the  principle  of  the 
convex  lens.  The  several  divisions  of  the  prism  are  able  to 
so  refract  a  beam  of  light  as  to  render  it  convergent,  that  is 
to  say,  each  division  of  the  prism  will  bend  as   much   of  the 
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beam  as  it  receives,  so  that  all  of  the  light  passing  through 
the  prism  will  be  concentrated  upon  one  spot,  which  will 
correspond  in  size  with  one  of  the  facets.  This  spot  marks 
the  principal  focus,  a  point  at  which  the  rays  cross,  and 
beyond  which  they  diverge. 

LENSES. 

A  lens  may  be  regarded  as  an  infinite  number  of  prisms 
of   gradually   increasing  angles  arranged  around  an  axis. 


Fig, 


Hypothetical  Lens. 

This  idea  is  illustrated  by  Fig.  203,  in  which  is  shown  a 
hypothetical  lens  formed  of  prisms  of  different  angles. 

Rays  of  light  proceeding  from  the  point,  S,  to  the  lens 
are  refracted  differently,  those  meeting  the  outer  portion  of 
the  lens  being  more  deflected  than  those  passing  through 
the  inner  portions,  while  the  rays   coinciding   with  the  axis 

Fic.  204. 
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Forms  of  Lenses. 

are  not  refracted.  The  emergent  rays  converge  to  the 
point,  S'.  Where  there  is  an  infinite  number  of  inclined  sur- 
faces, the  lens  will  have  sphericall}-  convex  surfaces. 

Of  converging  or  magnifying  lenses  there  are  four  forms, 
three  of  which  ,are  shown  at  i  2,  3,  in  Fig.  204;  i  being  a 
double  convex  lens,  2  a  plano-convex,  and  3  a  convex  menis- 
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cus.  The  fourth  form,  which  is  a  double  convex  with  curved 
sides  of  different  radii,  is  known  as  a  crossed  lens. 

Of  diverging  or  diminishing  lenses  there  are  three  forms, 
which  are  also  represented  in  Fig.  204 ;  4  being  a  double 
concave,  5  a  plano-concave,  and  6  a  concave  meniscus. 

Parallel  rays  on   entering  a   double  convex   lens  are  re- 
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Principal  Focus  of  a  Convex  Lens. 

fracted,  and  on  leaving  the  lens  the)'  are  again  refracted  so 
that  they  all  converge  at  the  point  F,  which  is  the  principal 
focus.  The  focal  length  of  the  lens  is  the  distance  from  the 
lens  to  the  focal  point. 

When  Kght  proceeds  from  a  point  and  is  rendered  con- 
vergent by  a  lens,  as  shown  in  Fig.  203,  the  point  to  which  the 
rays  converge  and  the  point  from  which  the  light  emanates 

Fig.  206. 


Principal   Focus  of  a  Concave  Lens. 

mark  the  conjugate  foci  of  the  lens.  Light  proceeding  from 
the  point,  S',  will  converge  to  the  point,  S,  and  in  like  man- 
ner light  proceeding  from  S  will  converge  to  the  point,  S'. 
A  concave  lens  renders  a  parallel  beam  divergent,  an 
action  which  is  the  reverse  of  that  of  the  convex  lens.  If 
the  divergent  rays,  after  passing  through  a  concave  lens, 
are   produced  backward,  as  indicated  by  the  dotted  hnes  in 
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Fig.  206,  the\-  will  meet  in  the  point,  F,  which  is   called  the 
principal  focus. 

Rays  of  light  which  converge  toward  the  point,  S',  Fig. 
207,  before  refraction,  will,  after  refraction,  converge  to  the 


Fig,  207, 


Converging  Rays,   Convex  Lens. 

point,  S,  between  the  principal  focus,  F,  and  the  lens,  and 
light  emanating  from  the  point,  S,  will  diverge  after  passing 
through  the  lens. 

Converging   rays  passing  through   a   concave  lens   will 

Fig.  20S. 


Diverging  Rays,   Concave  Lens. 

become   less  convergent   or   parallel   according  to   the  dis- 
tance of  the  point  toward  which  the}-  converge. 

Rays  proceeding  from  the  point,  L  (Fig.  208),  to  and 
through  the  concave  lens  are  rendered  more  divergent.     If, 

Fig    209. 


Real  and  Diminislied  Image. 

in  this  case,  the  divergent  rays,  after  passing  through  the 
lens,  are  produced  backward,  as  indicated  by  dotted  lines, 
thev  will  converge  toward  the  point,  /,  between  the  princi- 
pal focus,  C,  and  the  lens. 

An  object,  A   B  (Fig.  209),   placed  in  front  of  a  convex 
lens  at  a  distance  greater  than  its  principal  focal  length  will 
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have  a  real  image,  a  b,  on  the  other  side  of  the  lens  This 
image  is  inverted  and  may  be  either  larger  or  smaller  than 
the  object.  By  holding  a  double  convex  lens  between  the 
object  and  a  white  wall  or  screen,  the  image  may  be  seen. 


J                               Fig.  210. 
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Real  and  Magnified   Image. 

By  changing  the  relative  distances  of  the  object,  the  lens, 
and  the  screen,  the  size  of  the  image  ma}^  be  varied.  In 
Fig.  209  the  object  is  distant  more  than  twice  the  focal 
length  of  the  lens.  The  photographer's  camera  exemplifies 
this  principle. 

In  Fig.  210  is  illustrated  a  case  in  which  the  lens  is 
nearer  the  object,  A  B.  A  magnified  real  image  is  pro- 
duced. In  this  case  the  distance  of  the  object  is  greater 
than  the  single  focal  length  of  the  lens,  but  less  than  twice 
its  focal  length.  The  projecting  lantern  exemplifies  this 
principle. 

Fig.  211.  • 
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Virtual   Image,    Convex   Lens. 

When  an  object,  A  B  (Fig.  211),  is  placed  between  the 
lens,  O,  and  its  principal  focus,  /,  a  virtual  image,  a  h,  is 
formed  which  is  erect  and  magnified,  and  which  appears  at 
a  greater  distance  than  the  object.  This  figure  illustrates 
the  manner  in  which  objects  are  viewed  by  an  ordinary 
magnifying  hand  glass. 
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One  of  the  simplest  of  toj's  illustrating  the  action  of 
convex  lenses  is  the  water  bulb  magnifier. 

It  is  a  small  hollow  sphere  of  glass  filled  with  water  and 
Fig.  212.  provided  with  a  pointed  wire  arm  for 

supporting  the  object  to  be  examined. 
It  is  a  Coddington  lens  lacking  the 
central  diapraghm.  It  answers  very 
well  as  a  microscope  of  low  power, 
and  illustrates  refraction  as  exhibited 
by  glass  lenses.  It  receives  the  rays 
from  the  object  placed  within  its  focus, 
and  refracts  them,  rendering  them  con- 
Water  Bulb  Magnifier,  vergent  upon  the  opposite  side  of  the 
bulb  ;  but  all  of  the  rays  do  not  converge  exactly  at  one 
point,  so  that  the  image,  except  at  the  center  of  the  field,  is 
distorted  and  indistinct.     This  effect  is  spherical  aberration. 

MIRRORS. 

The  convex  cylinder  mirror  shows  an  ordinary  object 
very  much  contracted  in  one  direction. 

The  pictures  accompanying  these  mirrors  are  distorted 
to  such  an  extent  as  to  render  the  object  unrecognizable 
until  viewed  in  the  mirror,  which  corrects  the  image. 

By  tracing  the  incident  ray  from  any  point  in  the  picture 
to  a  corresponding  point  in  the  image  in  the  mirror,  then 
tracing  the  reflected  ray  from  the  same  point  in  the  mirror 
to  the  eye,  it  will  be  found  that  in  this,  as  in  all  other  mir- 
rors, the  simple  law  of  reflection  applies  ;  that  is,  that  the 
angle  of  incidence  and  the  angle  of  reflection  are  equal. 

The  concave  cylindrical  mirror  (Fig.  214)  is  the  reverse 
of  the  mirror  just  described.  It  produces  a  laterally  ex- 
panded image  of  a  narrow  picture,  and  while  the  convex 
cylindrical  mirror  disperses  the  light  from  a  distant  source, 
the  concave  mirror  renders  it  convergent ;  but,  as  in  the 
case  of  the  water  bulb,  the  reflected  rays  do  not  focus  at  a 
single  point,  but  cross  each  other,  forming  caustic  curves. 
These  curves  may  be  exhibited  by  placing  an  ordinary 
cylindrical  concave  mirror  edgewise  on  a  white  surface,  and 
arranging  a  small  light,  such   as  a  candle  or  lamp,  a   short 
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a,  Convex  Cylindrical  Mirror,     i,  Distorted  Picture  to  be  viewed  in  Mirror. 

Fig.  214. 


Concave  Cylindrical  Mirror,  Caustics. 
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distance  from  the  mirror,  as  shown  in  the  engraving.  The 
same  phenomenon  ma}-  be  witnessed  by  observing  a  glass 
parti}'  filled  with  milk,  arranged  in  proper  relation  to  the 
light.  The  inner  surface  of  the  glass  serves  as  a  mirror,  and 
the  surface  of  the  milk  serves  the  same  purpose  as  the 
white  paper.  A  cylindric  napkin  ring  will  show  the  curves 
under  similar  conditions.  In  fact,  any  bright  concave  cylin- 
drical surface  will  do  the  same  thing. 

A   convex   spherical   mirror   distorts  to   a    remarkable 

Fig.  215. 


Spherical  Mirror. 


degree.  A  silvered  glass  globe  held  in  the  hand  yields 
an  image  something  like  that  shown  in  the  engraving. 

The  size  of  the  image  depends  upon  the  distance  of  the 
mirror,  and  is  always  less  than  that  of  the  object.  The 
farther  the  object  is,  the  smaller  is  its  image.  This  explains 
the  distortion  of  the  image,  which  appears  to  be  behind  the 
mirror. 

The  spherical  concave  mirror  produces  effects  which  are 
the  reverse  of  those  just  described  if  the  object  be  nearer 
than  the  principal  focus.  In  this  case,  as  in  the  other,  the 
virtual  image  appears  behind  the  mirror,  and  is  a  magnified 
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one.  The  image  which  appears  in  front  of  the  concave  mir- 
ror may  be  either  larger  or  smaller  than  the  object  itself, 
depending  upon  the  position  of  the  object  relative  to  the 
mirror  and  the  observer. 

It  is  inverted,  and  is  formed  in  the  air.  A  candle  placed 
between  the  center  of  curvature  of  the  mirror  and  the  prin- 
cipal focus  forms  an  inverted  image  in  air,  which  is  larger 
than  itself. 

PHANTOM    BOUQUET. 

The  phantom  bouquet,  an  interesting  and  very  beautiful 
optical  illusion,  is  produced  by  placing  a  bunch  of  flowers 

Fig.  2i6. 


Concave  Mirror,  Phantom  Bouquet. 


(either  natural  or  artificial)  in  an  inverted  position,  behind  a 
shield  of  some  sort,  and  projecting  its  image  into  the  air 
by  means  of  a  concave  mirror.  A  magnifying  hand  glass 
answers  the  purpose,  if  of  the  right  focal  length,  and  a  few 
books  may  serve  as  a  shield.  Two  black-covered  books  are 
placed  upon  one  end  and  arranged  at  an  angle  with  each 
other,  and  a  third  book  is  laid  horizontally  on  the  ends  of 
the  standing  books.  The  bouquet  is  hung  top  downward  in 
the  angle  of  the  books,  and  a  vase  is  placed  on  the  upper 
book,  over  the  hanging  bouquet. 
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The  concave  mirror  is  arranged  so  that  the  prolongation 
of  its  axis  will  bisect  the  angle  formed  by  lines  drawn  from 
the  top  of  the  vase  and  the  upper  part  of  the  suspended  bou- 
quet, and  it  is  removed  from  the  bouquet  and  vase  a  distance 
about  equal  to  its  radius  of  curvature. 

A  little  experiment  will  determine  the  correct  position 
for  the  mirror.  When  the  proper  adjustment  is  reached,  a 
wonderfully  real  image  of  the  bouquet  appears  in  the  air 
over  the  vase.  It  is  necessary  that  the  spectator  shall  be  in 
line  with  the  vase  and  mirror.  With  a  good  mirror  and 
careful  adjustment,  the  illusion  is  very  complete.  The 
bouquet  being  inverted,  its  image  is  erect.  A  very  effective 
way  of  illuminating  the  bouquet,  which  is  due  to  Prof.  W. 
Le  Conte  Stevens,  of  Brooklyn,  is  shown  in  the  engraving. 
It  consists  in  placing  two  candles  near  the  bouquet  and 
behind  the  shield,  one  candle  upon  either  side  of  the  bou- 
quet. In  addition  to  this,  he  places  the  entire  apparatus  on 
a  pivoted  board,  so  that  it  may  be  swung  in  a  horizontal 
plane,  allowing  the  phantom  to  be  viewed  by  a  number  of 
spectators. 

This  simple  experiment  illustrates  the  principle  of  Her- 
schel's  reflecting  telescope.  In  that  instrument  the  image  of 
the  celestial  object  is  projected  in  air  by  reflection  and  mag- 
nified by  the  lenses  of  the  eyepiece. 

MULTIPLE   REFLECTION. 

The  kaleidoscope  is  one  of  the  most  beautiful  and  inex- 
pensive of  optical  toys.  It  can  be  purchased  in  the  ordinary 
form  for  five  or  ten  cents.  It  is  sometimes  elaborately 
mounted  on  a  stand  and  provided  with  specially  prepared 
objects.  It  consists  of  a  tube  containing  two  long  mirrors 
commonly  formed  of  strips  of  ordinary  glass,  arranged  at  an 
angle  of  60°,  with  a  plain  glass  at  the  end  of  the  mirrors, 
then  a  thin  space  and  an  outer  ground  glass,  the  space  being 
partly  filled  with  bits  of  broken  glass,  twisted  glass,  wire 
cloth,  etc.  The  mirrors  may  be  arranged  at  any  angle 
which  is  an  aliquot  part  of  360'.  When  the  mirrors,  a  b,  are 
inclined  at  an  angle  of  60',  as  in  the  present  case,  the  object, 
<■,  together  with  the  five  reflected  images,  will  form  a  hexag- 
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onal  figure  of  great  beauty,  which  may  be  changed  an  infin- 
ite number  of  times  by  turning  the  instrument  so  as  to  cause 
the  bits  of  glass,  etc.,  to  fall  into  new  positions. 

The  images  adjoining  the  object  are  formed  by  the  first 
reflections  ol  the  object.  The  images  in  the  second  sectors 
are  formed  by  second  reflections,  and  two  coincident  images 

Fig.  217. 


I,  Parts  of  Kaleidoscope.       2,  The  Figure.       3,   Kaleidoscope. 

in  the  sector  diametrically  opposite  the  object  are  formed  by 
third  reflections. 

In  most  kaleidoscopes  a  third  mirror  is  added,  which 
multiplies  the  effects,  and  in  the  best  instruments  an  eye 
lens  of  low  power  is  provided. 

ANALYSIS   AND    SYNTHESIS   OF   LIGHT. 

An  ordinary  glass  prism,  such  as  may  be  purchased  for 
fifty  cents,  is  sufficient  for  the  resolution  of  a  beam  of  white 
sunlight  into  its  constituent  colors.  By  projecting  the  dis- 
persed beam  obliquely  upon  a  smooth,  white  surface,  the 
spectrum  may  be  elongated  so  as  to  present  a  gorgeous 
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appearance.  It  is  not  difficult  to  understand  that  whatever 
is  exhibited  in  the  spectrum  must  have  existed  in  the  light 
before  it  reached  the  prism,  but  the  recombining  of  the  col- 
ors of  the  spectrum  so  as  to  produce  white  light  is  of  course 
conclusive. 

The  colors  of  the  spectrum  have  been  combined  in  sev- 
eral ways,  all  of  which  are  well  known.  Newton's  disk  does 
it  in  an  imperfect  way  by  causing  the  blending,  by  persist- 
ence of  vision,  of  surface  colors  presented  by  a    rotating 

Fig.  2i8. 


Simple  Rocking   Prism. 

disk.  Light  from  different  portions  of  the  spectrum  has 
been  reflected  upon  a  single  surface  by  a  series  of  plane  mir- 
rors, thus  uniting  the  colored  rays  forming  white  light.  The 
colored  rays  emerging  from  the  prism  have  been  concen- 
trated by  a  lens  upon  a  small  surface,  the  beam  resulting 
from  the  combination  being  white.  Besides  these  methods, 
the  spectrum  has  been  recombined  by  whirling  or  rocking 
a  prism ;  the  movement  of  the  spectrum  being  so  rapid  as  to 
be  beyond  the  power  of  the  e3'e  to  follow,  the  retina  receiv- 
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ing  the  impression  merely  as  a  band  of  white  Hght,  the  col- 
ors being  united  by  the  superposing  of  the  rapidly  succeed- 
ing impressions,  which  are  retained  for  an  appreciable  length 
of  time. 

The  engravings  show  a  device  to  be  used  in  place  of  the 
ordinary  roclcing  prism.  It  is  perfectly  simple  and  involves 
no  mechanism.  It  consists  of  an  inexpensive  prism,  having 
attached  to  the  knob  on  either  end  a  rubber  band.  In  the 
present  case  the  bands  are  attached  by  making  in  each  a 
short  slit  and  inserting  the  knobs  of  the  prisms  in  the  slits. 
The  rubber  bands  are  to  be  held  by  inserting  two  of  the  fin- 
gers in  each  and  drawing  them  taut.  The  prism  is  held  in 
a  beam  of  sunlight,  as  shown  in  Fig. 
218,  and  with  one  finger  the  prism 
is  given  an  oscillating  motion.  The 
band  of  light  thus  elongated  will 
have  prismatic  colors  at  opposite 
ends,  but  the  entire  central  portion 
will  be  white.  To  show  that  the 
colors  of  the  spectrum  pass  over 
every  portion  of  the  path  of  the 
light,  as  indicated  by  the  band,  the 

.  ,  ,       ,  ,        ,  The   Spectrum. 

pnsm  may  be  rocked  very  slowly. 

An  ordinary  prism  may  be  made  to  exhibit  several  Fraun- 
hofer's  lines  by  arranging  it  in  front  of  a  narrow  slit,  through 
which  a  beam  of  sunlight  is  admitted  to  a  darkened  room. 
One  side  of  the  prism  in  this  experiment  must  be  adjusted 
at  a  very  small  angle  with  the  incident  beam.  The  spec- 
trum will  contain  a  number  of  fine  dark  fines,  known  as 
Fraunhofer's  fines. 

These  fines  teU  of  the  constitution  of  the  sun.  The  prin- 
ciple illustrated  by  this  experiment  is  the  one  upon  which 
the  spectroscope  is  based.* 

SIMPLE    METHOD    OF   PRODUCING   ^THE    SPECTRUM. 

Color  is  a  sensation  due  to  the  excitation  of  the  retina 
by  light  waves  having  a  certain  rate  of  vibration.     Those 

*For  further  information  on  this  subject  the  reader  is  referred  to 
■"Studies  in  Spectrum  Analysis,"  by  J.   Norman  Lockyer. 
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having  the  highest  rate  capable  of  affecting  the  eye  are  per- 
ceived as  violet,  while  those  of  the  lowest  rate  are  perceived 
as  red.  According  to  Ogden  Rood's  "  Modern  Chromatics," 
the  rate  of  the  former  is  757  billions  of  waves  per  second, 


that  ot  the  latter  is  395  billions  of  waves  per  second,  and 
between  these  extremes  are  ranged  waves  of  every  possi- 
ble rate,  representing  as  many  colors.  When  light  waves  of 
all  periods  are  mingled,  there  is  no  color — the  light  is  white. 


LIGHT.  217 

Newton  discovered  a  way  of  resolving  white  light  into  its 
constituent  colors.  He  made  exhaustive  experiments  with 
prisms,  first  producing  the  gorgeous  array  of  colors  known 
as  the  spectrum,  then  recombining  the  colored  rays  by  means 
of  another  prism  producing  white  light.  He  found  that  the 
colors  of  the  spectrum  were  simple,  t.  c,  they  could  not  be 
further  decomposed,  and  he  also  demonstrated  that  the  red 
rays  were  the  least  and  the  violet  rays  the  most  refrangible. 

The  solar  spectrum  is  always  a  delight  to  the  eyes  of 
every  person  having  normal  eyesight,  and  it  is  a  simple  mat- 
ter to  produce  it  by  means  of  a  prism.  When  a  prism  is 
not  available,  it  may  be  produced  in  the  manner  illustrated 
by  Figs.  220  and  221.  This  method  is  inexpensive,  and 
yields  a  large  spectrum.  The  materials  required  are  a  piece 
of  a  plane  mirror,  five  or  six  inches  -^^^  221 

square,  a  dish  of  water,  and  a  sheet  ^ 

of  white   paper   or  a   white   wall.  xv. 

The    mirror    is    immersed    in    the  ""~^^=::^^_^       ^v 
water  and  arranged  at  an  angle  of  '^-^^^r:r-:-J\        / 

about    60° ;    this   angle,    however,  V__  ^§^^^^?/ 

may   be  varied   to  suit   the   direc-  ^^^^^^ 

tion   of    the    light.      The    incident 

beam  received  on  the  mirror  is  re-        Diagram  of  Spectrum 
fracted  on  entering  the  water  and  Apparatus, 

dispersed.  It  is  further  dispersed  upon  emerging  from  the 
water.  By  causing  the  reflected  beam  to  strike  obhquely 
upon  the  white  paper  or  wall,  the  spectrum  thus  produced 
may  be  made  to  cover  a  large  surface. 

Should  the  sun  be  too  high  or  too  low,  the  proper  direc- 
tion may  be  given  to  the  incident  beam  by  means  of  a  sec- 
ond mirror  held  in  the  hand.  The  diag'-am.  Fig.  221,  shows 
the  direction  of  the  rays. 

Some  very  interesting  absorption  experiments  may  be 
made  in  connection  with  this  simple  apparatus.  For  ex- 
ample, colored  glass,  or  sheets  of  colored  gelatine,  may  be 
placed  in  the  reflected  beam.  If  red  be  placed  in  the  path 
of  the  beam,  red  light,  with  perhaps  some  yellow,  will  pass 
through,  while  the  other  colors  will  be  absorbed,  and  will 
not,  therefore,  appear  on  the  wall.     With  the  other  colors 
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the  same  phenomenon  is  observed.  Each  colored  glass  or 
gelatine  is  transparent  to  its  own  color,  but  opaque  to  other 
colors.  It  will  be  observed  that  few  bodies  have  simple 
colors. 

In  a  similar  manner  a  piece  of  red  paper  or  ribbon 
placed  in  the  red  portion  of  the  spectrum  will  reflect  that 
color,  but  if  placed  in  some  other  part  of  the  spectrum  it  will 
appear  dark,  the  other  colors  being  absorbed  or  quenched  by 
the  colored  surface.  It  is  seen  by  these  experiments  that 
when  light  passes  through  a  colored  glass  or  film,  it  does 
not  retain  all  its  colors.  It  is  simply  a  matter  of  straining 
out  every  color  except  that  to  which  the  glass  or  film  is 
transparent.  In  reality  only  a  small  part  of  all  the  light 
striking  the  colored  glass  passes  through  it. 

In  the  above  experiment  it  is  essential  to  avoid  all  jarring 
of  the  water,  as  ripples  upon  its  surface  defeat  the  experi- 
ment. If  it  is  possible  to  so  place  the  dish  as  to  avoid  jar- 
ring, the  ripples  may  be  prevented  by  suspending  a  trans- 
parent plane  glass  horizontally,  so  that  its  under  side  will 
just  make  contact  with  the  surface  of  the  water. 

NEW    CHROMATROPE. 

A  novel  toy  which  illustrates  some  of  the  phenomena 
of  color  is  illustrated  by  Fig.  222.  Upon  the  spindle,  A,  is 
secured  a  star,  B,  formed  ot  two  triangular  pieces  of  paste- 
board arranged  so  that  their  points  alternate.  One  triangle 
is  red,  the  other  bluish  green — complementary  colors, 
which  produce  white  when  they  are  blended  by  the  rotation 
of  the  star.  In  the  angles  of  one  of  the  stars  are  secured 
wire  nails,  which  serve  as  pivots  for  the  three  disks,  C,  as 
shown  at  i  and  4.  Each  disk  is  divided  into  three  equal 
parts,  which  are  colored  respectively  red,  green,  and  violet. 
The  disks  overlap  at  the  center  of  the  star,  B. 

Around  the  spindle,  A,  is  wound  a  cord  which  passes 
through  the  loop  formed  in  the  star  frame  in  which  the 
spindle  is  journaled,  and  is  provided  at  its  end  with  a  button, 
D.  By  pulling  the  cord,  the  star,  B,  is  whirled  first  in  one 
direction  and  then  in  the  other.  As  the  series  of  disks,  C, 
turn,  the  colors  are  blended  in  different  wa3's,  according  to 
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the  relative  arrangement  of  the  different  sections.  All  the 
phenomena  of  the  blending  of  surface  colors  are  illustrated 
by  this  simple  toy.  At  times  the  center  will  be  a  fine  purple, 
while  the  outer  part  is  green.  At  other  times  some  portions 
of  the  color  disk  presented  by  the  rotating  disks  are  white, 
showing  that  a  proper  mixture  of  the  three  primary  colors 
yields  white  light. 

At  the  instant  of  the  change  of  rotation  from  one  direc- 

FlG,    222.  • 
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tion  to  the  other,  the  arrangement  of  the  disks  is  such  as  to 
present  beautiful  symmetrical  figures.  All  the  changes  of 
color  in  the  toy  in  its  normal  condition  are,  of  course,  acci- 
dental. 

When  it  is  desired  to   try  the  blending   of  any   of  the 
colors,  when  arranged  in  a  particular  way,  the  disks  may   be 
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prevented  from  turning  on  their  pivots  by   stretching  over 
each  disk  a  small  rubber  band. 

The  maker  of  this  simple  toy  has  succeeded  in  securing 
colors  which  produce  remarkably  good  effects. 

PERSISTENCE    OF   VISION. 

The  zoetrope,  or  wheel  of  life,  is  a  common,  but  interest- 
ing, optical  toy.  It  depends  for  its  curious  effects  upon  the 
persistence  of  vision.  It  consists  of  a  cylindrical  paper  box 
mounted  on  a  pivot,  and  having  near  its  upper  edge  a  series 
of  narrow  slits,  which  are  parallel  with  its  axis.  Against  the 
inner  surface  of  the  wall  of  the  box  is  placed  a  paper  slip, 
carrying  a  number  of  images  of  the  same  object  arranged  in 
Pj^  as  many  different  positions,  each  image  dif- 

fering slightly  from  the  adjoining  images, 
the  successive  positions  of  the  several 
images  being  such  as  to  complete  one 
entire  motion  or  series  of  motions. 

When  these  pictures  are  viewed  through 

the   slits,    as   the   box   is  turned,   the  eye 

glimpses   the    figures    in    succession,   and 

oetrope.  retains  the  image  of  each  during  the  time 

of  eclipse  by  the  paper  between  the  slits  and  until  the  next 

figure  appears.     The  images  thus  blend  into  each  other,  and 

give  the  figure  the  appearance  of  life  and  action. 

Some  very  interesting  studies  for  the  zoetrope  have  been 
produced  by  the  aid  of  instantaneous  photography. 

IRRADIATION. 

Brilliantly  illuminated  white  surfaces  and  self-luminous 
bodies,  when  emitting  white  light,  appear  to  the  eye  much 
larger  than  they  really  are.  In  nature  examples  of  this 
phenomenon  are  presented  by  the  sun,  moon,  and  stars.  The 
sun,  viewed  with  the  naked  eye,  appears  very  much  larger 
than  when  the  light  is  modified  by  a  smoked  glass.  The 
crescent  of  the  moon  appears  to  project  beyond  the  moon's 
periphery ;  and  the  stars,  which  are  mere  points  of  light 
even  when  viewed  through  the  largest  telescope,  appear  to 
the  eye  to  have  a  disk  of  some  size. 
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This  phenomenon — known  as  irradiation — is  due  to  the 
stimulation  or  sympathetic  action  of  the  nerves  of  the 
retina  adjoining  those  which  actually  receive  the  image. 

The  ends  of  pieces  of  iron  heated  to  incandescence  by 
the  blacksmith  for  welding  seem  to  be  unduly  enlarged — 
an  appearance  due  to  irradiation. 

Without  doubt  the  most  striking  illustrations  of  irradia- 
tion are  to  be  found  in  electric  illumination.  The  electric 
arc,  which  is  no  larger  than  a  pea,  appears  to  the  eye  as 
large  as  a  walnut ;  and  the  filament  of  an  incandescent  lamp, 
which  is  scarcely  as  large  as  a  horsehair,  appears  as  large  as 


An  Example  of  Irr 

a  small  lead  pencil.  In  viewing  an  ordinary  incandescent 
lamp,  it  is  difficult  to  believe  that  the  delicate  filament  is  not 
in  some  way  immensely  enlarged  by  the  electric  current  or 
by  the  heat,  but  the  experiment  illustrated  by  the  engraving 
shows  that  the  size  of  the  filament  is  unchanged,  and  proves 
that  the  effect  is  produced  in  the  eye. 

The  experiment  consists  merely  in  holding  a  smoked 
or  darkly  colored  glass  between  the  eye  and  the  lamp.  The 
glass  cuts  off  a  large  percentage  of  the  light,  and  enables  the 
eye  to  see  the  filament  as  it  reall}-  is. 


222  EXPERIMENTAL    SCIENCE. 

The  effects  of  irradiation  are  different  in  different  per- 
sons, and  they  are  not  always  the  same  in  the  same  person. 

INTENSITY   OF  LIGHT. 

It  is  estimated  that  5,500  wax  candles  would  be  required 
to  illuminate  a  surface  twelve  inches  distant  as  strongly  as  it 
would  be  illuminated  by  the  sun,  while  the  light  of  a  single 
candle  at  a  distance  of  126  inches  would  equal  that  of  the 
full  moon.  The  relative  intensities  of  the  light  of  the  sun 
and  moon  are  as  600,000  to  i. 

Light  from  different  sources  can  be  compared  and  meas- 
ured by  the  photometer,  several  forms  of  which  have  been 
devised.  The  usual  way  of  determining  the  intensity  of 
light  from  any  source  is  to  compare  it  with  a  standard  of 
illumination,  a  "sperm  candle  weighing  ^  pound,  and  burn- 
ing 120  grains  an  hour,"  being  commonly  used  for  this  pur- 
pose. Thus  it  is  that  a  gas  flame  or  an  electric  lamp  is  rated 
at  a  certain  candle  power. 

Owing  to  the  divergence  of  luminous  rays,  the  intensity 
of  light  decreases  rapidly  as  the  illuminated  surface  is 
iemoved  from  the  source  of  light.  This  may  be  readily 
shown  by  holding  a  screen,  say  12  inches  square,  half  way 
between  a  lamp  and  the  wall.  The  shadow  of  the  screen  on 
the  wall  will  be  24  inches  square.  If  the  light  falling  on  the 
screen  be  allowed  to  proceed  to  the  wall,  it  will  cover  the 
area  which  was  before  in  the  shadow  of  the  screen.  This 
area  being  four  times  as  large  as  that  of  the  screen,  it  is 
seen  that  the  light  which  was  received  on  the  screen  must, 
when  distributed  upon  a  surface  four  times  as  great,  be 
reduced  in  intensity  to  one-fourth  of  that  falling  on  the 
screen.  It  is  thus  shown  that  the  intensity  of  light  is 
inversely  as  the  square  of  the  distance  ;  that  is,  when  the 
distance  of  the  illuminated  surface  from  the  source  of  light 
is  doubled,  it  receives  one-fourth  the  amount  of  light ;  at 
three  times  the  distance,  one-ninth,  and  so  on. 

The  law  of  inverse  squares  may  be  demonstrated  by  the 
extemporized  photometer,  shown  in  Fig.  225.  In  front  of  a 
white  cardboard  screen  is  supported  an  opaque  rod.  The 
sources  of  light  to  be  compared  are  arranged  so  as  to  cast 
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separate  shadows  of  the  rod  on  the  screen.  If  the  sources 
of  light  when  equally  distant  from  the  screen  form  shadows 
of  the  same  depth,  their  illuminating  power  is  the  same. 

When,  however,  the  intensities  of  the  two  lights  differ, 
the  shadows  will  differ,  and  it  will  be  necessary  to  remove 
the  stronger  light  to  a  greater  distance  to  secure  shadows  of 
equal  depth. 

In  the  experiment  illustrated,  the  single  candle  being- 
distant  one  yard  from  the  screen,  it  is  found  that  the  group 
of  four  candles  must  be  placed  two  yards  from  the  screea 

Fig.  225. 


Photometer. 

to  secure  shadows  of  the  same  intensit)r.  Nine  candles 
would  require  removal  to  a  distance  of  three  feet,  and  so  on. 
All  the  candles  of  the  group  must  be  in  the  same  line  in  the 
direction  of  the  rod.  The  eye  is  able  to  detect  a  difference 
of  one-sixtieth  in  the  values  of  the  shadows,  provided  the 
lights  be  of  the  same  color. 

OPTICAL   ILLUSIONS. 

It  is  sometimes  difficult,  even  for  the  practiced  eye,  to 
accurately  estimate  distances  and  dimensions,  and  to  cor- 
rectly appreciate  forms.  Very  much  depends  upon  the 
relation  of  the  object  viewed  to  surrounding  objects.  Two 
straight  parallel  lines  of  equal  length  would  be  appreciated 
by  the  eye  in  accordance  with  the  facts,  but  when  a  light 
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line  is  drawn  perpendicular  to  a  heavy  one  of  the  same 
length,  as  in  Fig.  226,  the  eye  at  once  accords  the  greater 
leng-th  to  the  lighter  line. 

In  the  case  of  two  like  parallel  lines  joined  at  the  ends 
in  one  case  with  outwardl}'  convergent  lines  and  in  the 
other  with  outwardly  divergent  lines  (Fig.  227),  the  apparent 
difference  in  the  length  of  the  lines  is  considerable. 

It  often  happens  in  engineering  drawing  that  a  sectional 
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view  will  present  some  curious  distortions,  which  give  the 
drawing  the  appearance  of  being  incorrect,  but  which  in 
reality  are  only  illusions.  Fig.  228  is  an  example  taken 
from  such  a  drawing. 

In  Figs.  229  and  230  are  shown  examples  of  line  combi- 
nations in  which  series  of  oppositely  disposed  oblique  lines 
are  joined  to  parallel  lines.  In  Fig.  229  the  latter  appear  to 
bend  outwardly  and  in  Fig.  230  they  seem  to  bend  inwardly; 

Fig.  228. 
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Illusion  from  Engineering  Drawing. 

but  by  looking  at  the  diagrams  lengthwise,  or  through 
partly  closed  eyes,  the  parallel  lines  appear  as  they  really 
are. 

A  more  marked  example  of  the  effects  of  oblique  hues  on 
a  series  of  parallel  lines  is  shown  in  Fig.  231. 

In  Fig.  232  the  single  oblique  line  extending  above  the 
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Figs.  229  and  230. 


Apparent  Deviation  by  Oblique  Lines. 


Fig.  231. 
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Parallel  Lines  appearing  Alternately  Convergent  and  Divergent. 


Fig.   232. 


Apparent  Displacement  ol  a  Single  Oblique  Line. 
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black  bar  appears  to  be  a  prolongation  of  the  lower  oblique 
line  below  the  bar.  That  such  is  not  the  case  may  be  shown 
by  placing  a  card  against  the  line  above  the  bar  or  sighting 
it  endwise.  It  will  thus  be  shown  that  it  is  a  prolongation 
of  the  upper  of  the  two  lines  below  the  bar. 

The  curious  optical  illusions  shown  in  Figs.  233  and  234 
were  published  some  time  since  in  a  French  scientific 
journal.* 

Fig.  233  represents  two  pieces  of  paper  or  cardboard  cut 
into  the  shape  of  arcs  of  a  circle.  Which  is  the  larger  of 
the  two  ?  To  this  the  answer  will  certainly  be :  "  It  is 
No.  2."  But  if  No.  I  be  placed  under  No.  2,  the  answer  will 
be  just  the  reverse.  The  fact  is  that  both  are  exactly  of  the 
same  size,  as  may  be  seen  by  measuring  them,  or  by  laying 

Fig.  233. 


Curious  Optical  Illusion. 

one  upon  top  of  the  other.  When  the  two  figures  are  placed 
so  close  together  that  their  edges  touch,  the  illusion  is  still 
greater. 

Which  is  the  tallest  of  the  three  persons  figured  in  the 
annexed  engraving?  If  we  trust  our  eyes,  we  shall  cer- 
tainly say  it  is  No.  3.  But  if  we  take  a  pair  of  compasses 
and  measure,  we  shall  find  that  we  have  been  deceived 
by  an  optical  illusion.  It  is  No.  i  that  is  the  tallest,  and 
it  exceeds  No.  3  by  about  o-o8  inch. 

The  explanation  of  the  phenomenon  is  very  simple. 
Placed  in  the  middle  of  the  well  calculated  vanishing  lines, 
the  three  silhouettes  are  not  in  perspective.  Our  eye  is 
accustomed  to  see  objects  diminish  in  proportion  to  their 

*  La  Nalure. 
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distance,  and,  seeming  to  see  No.  3  rise,  concludes  there- 
from that  it  is  really  taller  than  the  figures  in  the  fore- 
ground. :        .    -• -• 

Fig.   234. 


An  Optical  Illusion. 

The  origin  of  the  engraving  is  no  less  curious  than 
the  engraving  itself.  It  serves  as  an  advertisement  for  an 
English    soap    manufacturer,  who    prints  his  name  in  van- 
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the 


decreasing   lines^ 
large    number   of 


ishing  perspective  between  each  of 
and   places  the    cut    thus    formed   in 
English  and  American  newspapers. 

Here  is  a  row  of  letter  S's  and  one  of  figure  eights,  taken 
at  random.*  At  a  casual  inspection  the  reader  might  say  the 
letters  were  symmetrically  made — that  is,  the  top  and  bot- 
tom lobes  of  the  figures  and  letters  the  same  size — though 
upon  a  close    inspection  he  would  either  say  that  it  was 


doubtful  whether  any  difference  existed  or  he  would  notice 
the  true  relation  that  exists,  the  top  lobe  being  the  smaller. 


Fig.  235. 


Fig.  236. 


Professor  Thompson's  Optical  Illusion. 

Let  him,  however,  turn  this  page  upside  down,  and  the  most 
cursory  glance  possible  will  show  him  their  shapes,  and  the 
dissimilarity  between  the  upper  and  lower  halves  will  strike 
him  with  astonishment  if  he  never  tried  the  experiment 
before. 

One  of  the  most  interesting  of  optical  illusions  is  that 
devised  by  Prof.  Silvanus  P.  Thompson.  This  is  illus- 
trated by  Figs.  235,  236,  and  237.  The  first  of  these  figures 
is  composed  of  a  series  of  concentric  rings  about  a  twen- 
tieth of  an  inch  wide  and  the  same  distance  apart.     If  the 

*  Mr.  G.   Watmough  Webster,  in  British  Journal  of  Photography. 


LIGHT. 


229 


illustration  is  moved  by  hand  in  a  small  circle  without  rotat- 
ing it,  i.  c,  if  it  is  given  the  same  motion  that  is  required  to 
rinse  out  a  pail,  the  circle  will  revolve  around  its  center  in 
the  same  direction  that  the  drawing  moves. 

A  black  circle  (Fig.  236)  having  a  number  of  equidistant 
internal  teeth  is  provided  for  the  second  experiment,  the 
drawing  being  moved  in  the  manner  above  described,  but  in 
a  contrary  direction. 

In  Fig.  237  is  shown  a  combination  of  the  toothed  and 
concentric  circles. 

By  means  of  photographic  transparencies  Mr.  Thomp- 

FiG.  237. 


son  has  shown  these  figures  on  a  screen  on  a  large  scale, 
and  by  moving  the  plates  as  before  described,  the  figures 
on  the  screen  were  made  to  rotate.* 

When  viewed  in  a  microscope  under  certain  conditions, 
the  minute  markings  of  some  of  the  diatoms  appear  as  hex- 
agons, while  under  other  conditions,  and  with  a  first-class 
objective,  they  appear  spherical. 

M.   Nachet,  the  French  microscopist,   has  published   a 

*  A.  O.,  on  p.  133,  vol.  41,  Scientific  American^  furnishes  an  explanation 
of  the  phenomena  of  these  circles. 
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curious  optical  illusion  which,  he   thinks,  accounts  for  the 
markings  on  the  diatoms  appearing  as  hexagons. 

The  circular  spots  (Fig.  238)  are  arranged  as  nearly  as 

Fig.  238. 


possible  like  the  markings  on  the  diatom  called  Plenrosigma 
angulatuin.  If  the  figure  is  viewed  through  the  eyelashes 
with  the  eyes  partly  closed,  the  circles  will  appear  as  hex- 
agons. 

Fig.  239. 


In  Fig.  239  is  sho\vn  a  negative  reproduction  of  Fig.  238, 
in  which  the  spots  are  white  on  a  black  ground.  When 
these  figures  are  compared,  the  white  spots,  on  account  of 
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irradiation,  appear  much  larger  than  the  black  ones,  although 
they  are  of  exactly  the  same  size. 

Fig.  240  illustrates  an  interesting  illusion  observed  by  Mr. 
J.  Rapieff,  the  well  known  electrician.  The  apparatus  con- 
sists of  semicircular  and  circular  wire  loops,  provided  with 
axles,  by  which  they  may  be  twirled  between  the  thumbs 
and  fingers.     The  lower  row  of  figures  shows  some  of  the 

Fig.  240. 


Rapieff's  Optical    Illusion. 

loops  used  in  the  experiment,  while  the  upper  figures  repre- 
sent the  effects  produced.  The  wire  has  a  polished  surface. 
When  the  single  semicircular  loop  is  twirled,  the  only  effect 
is  to  produce  a  gauzy  glimmer  of  spherical  form,  as  shown 
in  the  upper  right  hand  figure.  When  three  of  the  loops 
are  joined  together,  each  extending  from  the  other  at  an 
angle  of  120°,  the  figure  produced  is  similar  to  that  already 
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described,  but  with  two  perfectly  distinct  curved  black  lines 
extending  from  one  axle  to  the  other,  as  shown  in  the  upper 
central  figure.  When  four  loops  are  joined  at  right  angles 
to  each  other,  three  jet  black  lines  are  shown,  as  indicated 
in  the  upper  left  hand  figure.  A  circular  loop  shows  a  sin- 
gle black  line. 

This  curious  effect  is  produced  by  holding  the  apparatus 
so  that  the  light  is  reflected  as  much  as  possible  from  the 
inner  surface  of  the  wire.  The  result  is  due  to  the  eclipsing 
of  the  bright  surface  by  the  shaded  portion  of  the  upper 
loop  as  it  passes  between  the  eye  and  the  lower  loop.  The 
whole  of  the  loop  is  not  eclipsed  at  the  same  instant,  but 
persistence  of  vision  causes  the  entire  eclipse  to  be  seen  at 
once. 

Success  in  this  experiment  depends  upon  holding  the 
loops  in  the  right  position  relative  to  the  light,  as  well  as 
the  provision  of  the  proper  background.  The  loops  should 
be  held  over  a  dark  ground,  with  the  axles  parallel  with  the 
plane  of  vision. 
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CHAPTER    XII. 

POLARIZED       LIGHT. 

Glass,  like  all  uncrystallized  bodies,  is  said  to  be  single 
refracting,  because  it  diverts  the  ray  in  one  direction  only. 
By  placing  a  rhomb  of  Iceland  spar  over  a  small  black  spot 
formed  on  a  piece  of  white  paper,  two  images  of  the  spot 
appear,  showing  that  the  beam  of  light  has  been  split  up 
into  two  rays,  one  of  which  is  called  the  ordinary 
ray,  the  other  the  extraordinary  ray.  As  the  rhomb  is 
turned,    the     extraordinary    ray    moves    around    the    ordi- 
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Iceland    Spar. 

nary  one,  and  the  image  of  the  spot  produced  by  the 
extraordinary  ray  appears  nearer  to  the  observer  than 
the  spot  itself.  This  property  of  splitting  the  ray  trans- 
mitted through  the  crystal,  which  was  first  noticed  and  com- 
mented on  by  Erasmus  Bartholinias,  in  1669,  is  known  as 
double  refraction.  It  is  possessed  by  many  crystalline  bodies 
in  a  greater  or  less  degree.  Both  rays  emerging  from  the 
spar  have  acquired  peculiar  properties. 

Newton,  after  investigating  the  properties  acquired  by 
light  in  its  passage  through  the  spar,  concluded  that  the 
particles  had  acquired  characteristics  analogous  to  those  of 
magnetized  bodies,  that  is,  they  had  become  two-sided,  and 
were,  in  fact,  polarized. 
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Light,  in  the  state  of  two-sidedness  as  observed  by  New- 
ton, is  still  known  as  polarized  light.  B}^  inserting  the 
double  refracting  crystal  known  as  tourmaline  between  the 
eye  and  the  rhomb  of  spar,  and  turning  it,  the  ordinary  and 
extraordinary  rays  will  be  extinguished  and  will  reappear  in 
alternation.  All  vibrations,  except  those  executed  parallel 
with  the  axis  of  the  tourmaline,  are  quenched.  A  Nicol 
prism  (to  be  described  later  on)  will  do  the  same  thing. 
When  the  Nicol  is  turned,  the  black  spots  seen  bj'  the 
two  rays  become  alternately  visible  and  invisible.  One- 
quarter  of  a  revolution  of  the  prism  is  sufficient  to  extin- 
guish one  ray,  and  bring  the  other  out  ;  and  a  further  turn- 
ing of  the  prism  through   another  quarter  of  a   revolution 
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Course  of  Li^ht  through  Iceland   Spar. 

reproduces  the  extinguished  spot  and  effaces  the  visible 
one.  This  experiment  shows  that  the  vibrations  of  the 
two  rays  are  in  planes  at  right  angles  to  each  other.  A 
beam  of  light  in  which  all  of  the  transverse  vibrations  are 
parallel  with  a  single  plane  is  plane-polarized.  Both  of  the 
beams  emerging  from  the  spar  are  therefore  plane-polar- 
ized, but  in  different  planes. 

The  course  of  the  light  through  the  rhomb  of  Iceland 
spar  when  the  incident  ray  is  perpendicular  to  one  of  the 
faces  of  the  cr3'stal  is  shown  in  Fig.  242.  The  ordinary 
ray,  A,  passes  straight  through  the  cr3'Stal  on  the  line,  A 
C,  while  the  extraordinar}-  ray  is  bent  away  from  the  ordi- 
nary ray,  on  the  line,  B  C. 
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Fig.  244. 


When  the  incident  ra}'  enters  the  side  of  the  rhomb  at 
an  angle  (as  shown  in  Fig.  243),  the  ordinary  ray  follows  the 
law  of  refraction,  and  the  extraordinary  ray  is  bent  away 
from    the    ordinary    ray,  as  in  the   other  case. 

The  most  perfect  instrument  for  polarizing 
light  and  analyzing  it  after  its  polarization  is 
the  Nicol  prism,  made  from  a  rhomb  of  Iceland 
spar,  and  named  after  its  inventor.  In  this 
prism,  the  ordinary  ray  is  disposed  of,  and  the 
extraordinary  ray  alone  is  used. 

The  prism  which  is  shown  in  Fig.  244  con- 
sists of  a  rhomb  of  Iceland  spar,  divided 
through  its  axis  on  the  line,  D  D,  with  its  ends 
cut  off  at  right  angles  to  this  line.  The  two 
halves  of  the  prism  are  cemented  together 
by  Canada  balsam,  whose  index  is  between  that 
of  the  two  indices  of  the  spar,  so  that  the 
ordinary  ray,  B  C,  meets  the  film  of  balsam 
at  an  angle  which  is  sufficiently  oblique  to  secure  the 
reflection  of  this  ray  to  one  side,  where  it  is  lost,  while 
the  extraordinary  ray,  B  C,  passes  through  the  balsam,  and 

Fig.   245. 


Nicol  Prism. 


Action  of  Tourmaline  Crj'Stals, 

onward  through  the  other  half  of  the  prism  perfectly  polar- 
ized. 

To  observe  the  effects  of  polarization,  an  analyzer  is  re- 
quired.    Anything  that  will  act  as  a  polarizer  will  also  serve 
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as  an  analyzer,  and  since  the  Nicol  prism  is  unsurpassed  as 
a  polarizer,  it  will  answer  equally  well  for  an  analyzer. 

Perhaps  the  action  of  polarized  light  cannot  be  better 
illustrated  than  by  a  representation  of  a  hypothetical  beam 
of  light  and  two  tourmaline  plates  (Fig.  245).  Here  is  shown 
the  beam  of  light  with  vibrations  traversing  the  path  of 
the  beam  in  two  directions.  On  reaching  the  first  tourma- 
line plate,  those  vibrations  which  are  parallel  with  the  axis 
of  the  tourmaline  crystal  (represented  by  the  parallel  lines) 
are  readily  transmitted,  but  all  the  vibrations  in  any  other 
direction  are  extinguished.  The  beam  now  polarized 
passes  on  to  the  second  tourmaline  plate,  and  the  axis  of 
the  crystal  being  arranged  at  right  angles  with  the  plane 
of  vibration,  it  is  extinguished ;  but  if  the  axis  of  the 
Fig.  246.  Fig.  247.  Fig.  248. 


Tourmaline  Plates. 

second  tourmaline  is  parallel  with  the  plane  of  vibration, 
the  light  will  pass  through. 

If  the  axes  of  the  tourmalines  are  arranged  at  an  angle 
of  45°  with  each  other,  the  light  is  only  partly  extinguished. 

These  effects  of  the  two  tourmaline  plates  are  illustrated 
by  the  annexed  diagrams.  Fig.  246  showing  the  crystals 
with  their  axes  arranged  parallel  with  each  other.  Fig.  247 
showing  them  arranged  at  an  angle  of  45°,  and  Fig.  248 
shows  them  crossed  or  arranged  at  right  angles  with  each 
other,  exhibiting  a  complete  extinction  of  the  ray  at  the 
intersection  of  the  crystals. 

If,  now,  when  the  polarizer  and  analyzer  cross,  a  double 
refracting  crystal  be  inserted  between  them,  the  light  pass- 
ing the  polarizer  will  be  made  to  vibrate  in  a  different  plane, 
and  will  therefore  prevent  the  complete  extinction  of  the 
beam  by  the  analyzer. 
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Besides  those  means  of  polarizing  light  already  described, 
there  are  others  which  should  be  examined.  Light  is  polar- 
ized by  reflection  at  the  proper  angle  from  almost  every 
object ;  glass,  water,  wood,  the  floating  dust  of  the  air, 
all  under  certain  conditions  will  polarize  light. 

That  the  light  beam  becomes  polarized  may  be  readily 
ascertained  by  receiving  it  through  a  double-refracting  body 
and  an  analyzer. 

Fig.   249.  I 


Fig    250. 


Polarization  by  Reflection  and  Refraction. 


Two  plates  of  unsilvered  glass,  receiving  and  reflecting 
light,  as  indicated  in  Fig.  249,  act  respectively  as  polarizer 
and  analyzer. 

For  every  substance  there  is  an  angle  at  which  the  polar- 
ization is  at  a  maximum.  For  common  window  glass  the 
angle  the  ray  must  make  with  the  normal  is  54°  35'.  This  is 
called  the  polarizing  angle.  It  depends  upon  the  index  of 
refraction  of  the  glass,  and  is  such  that  the  reflected  and 
transmitted  rays  are  at  right  angles  to  each  other. 

Balfour  Stewart  explains  polarization  by  reflection  as 
follows : 

"  It    is    imagined   that    in  the  reflected   ray    the    vibra- 
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tions  are  all  in  a  direction  perpendicular  to  the  plane 
of  reflection,  so  that  the  portion  of  the  incident  ray 
consisting  of  vibrations  in  the  plane  of  reflection  has  not 
been  reflected  at  all.  If,  therefore,  we  allow  an  ordinary 
ray  of  light  (Fig.  249)  first  to  be  reflected  from  a  plate  of 
glass,  at  the  polarizing  angle,  and  if  the  reflected  ray  be 
again  made  to  impinge  upon  another  surface  of  glass  at  the 
same  angle,  the  latter  will  then  be  the  analyzer,  and  if  its 
plane  be  parallel  to  the  polarizer,  as  in  the  figure,  the  light 
will  be  again  reflected  in  the  direction  indicated  b3'  the 
arrow.  If  the  anal)-zer  be  turned  round  the  first  reflected 
ray  as  an  axis,  until  its  plane  is  at  right  angles  to  the  polar- 
izer, it  will  be  found  that  the  light  is  no  longer  reflected. 
For  the  reflected  ray  consists  entirel}-  of  vibrations  perpen- 
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Arrangement  of  Polarizer,  Analyzer,  and  Object  to  be  Examined. 

dicular  to  the  first  plane  of  incidence.  But  vibrations  per- 
pendicular to  the  first  plane  of  incidence  will  be  in  the  sec- 
ond plane  of  incidence,  which  is  at  right  angles  to  the  first, 
and  therefore  they  will  not  be  reflected  from  the  second  sur- 
face." 

A  series  of  thin  plates  (Fig.  250),  at  the  proper  angle, 
polarizes  light  in  a  marked  degree.  These  plates  will  also 
act  in  a  similar  manner  when  the  light  is  transmitted  through 
them,  a  part  of  the  light  in  each  of  these  cases  being  reflected 
and  a  part  transmitted,  both  the  reflected  and  transmitted 
beams  being  polarized,  but  in  planes  at  right  angles  to  each 
other.  A  single  black  glass  plate  is  a  good  polarizer,  but  a 
bundle  of  glass  plates  backed  with  black  is  perhaps  better. 
The  arrangement  of  the  polarizing  and  analyzing  prisms 
with  reference  to  the  object  to  be  examined  is  shown  in 
Fig.  251. 

The  beam  of  polarized  light  may  be  apparently  depolar- 
ized b)'  a  body  which  will  produce  no  color,  but  will  simply 
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render  the  field  bright  when  the  polarizer  and  analyzer  are 
crossed,  as  shown  b)-  the  insertion  of  a  rather  thick  piece 
of  mica  between  the  polarizer  and  analyzer. 

By  placing  thinner  pieces  of  mica  in  the  same  position, 
various  colors  are  produced.  When  the  polarized  beam  en- 
counters the  thin  mica,  it  is  resolved  into  two  others  at  right 
angles  to  each  other,  the  waves  of  one  being  retarded  with 
reference  to  the  other ;  but  as  long  as  these  rays  vibrate  at 
right  angles  to  each  other,  they  cannot  interfere.  The 
analyzer  reduces  these  vibrations  to  the  same  plane,  and 
renders  visible  the  effects  of  interference  due  to  the  retard- 
ation of  the  waves  of  one  part  of  the  beam.  The  thick 
plate  of  mica  gives  no  color,  because  the  different  colors 
were  superposed  and  blended  together,  forming  white  light. 

In  a  slice  of  Iceland  spar  cut  at  right  angles  to  the  axis 
of  the  crystal,  the  ray  is  not  divided  as  it  is  when  the  light 
passes  in  any  other  direction  through  the  crystal,  and  if  the 
slice  be  placed  in  a  parallel  beam  of  polarized  light,  no  marked 
effect  is  produced  ;  but  when  the  beam  is  rendered  converg- 
ent, by  a  lens  interposed  between  the  polarizer  and  the  crys- 
tal, beautiful  interference  phenomena  are  developed. 

When  the  polarizer  and  analyzer  are  crossed,  a  system  of 
colored  rings  intersected  by  a  black  cross  appears. 

The  arms  of  the  cross  are  parallel  with  the  planes  of  the 
polarizer  and  analyzer.  On  these  lines  no  light  can  pass, 
but  between  them  the  colors  of  the  rings  increase  in  inten- 
sity toward  the  middle  of  the  quadrants  inclosed  by  the 
arms  where  the  interference  is  most  marked.  Turning  the 
polarizer  or  analyzer  causes  complementary  colors  to  change 
places,  and  brings  out  a  white  cross  instead  of  the  dark  one. 

SIMPLE    EXPERIMENTS    IN    POLARIZED    LIGHT. 

It  is  ever  a  source  of  pleasure  to  the  student  of  science 
to  be  able  to  explore  an  unfamiliar  realm  by  means  of 
commonplace  and  readily  accessible  things,  which,  if  not 
already  possessed,  may  be  had  almost  for  the  asking. 

There  is  scarcely  a  branch  of  scientific  research  more  pro- 
lific in  the  development  of  expensive  apparatus  than  that  of 
light,  yet  there  is  nothing  in  the  domain  of  physics  capable 
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of  being  better  illustrated  by  apparatus  of  the  most  simple 
and  inexpensive  character.  The  subject  of  polarized  light, 
as  intricate  and  difficult  as  it  may  at  first  appear,  may  be 
illustrated  by  apparatus  costing  less  than  a  dime,  in  a  man- 
ner that  can  but  excite  the  wonder  and  admiration  of  one 
inexperienced  in  this  direction. 

A  small  piece  of  window  glass  and  a  black-covered  book 
constitute  the  apparatus  for  beginning  the  study  of  this 
interesting  subject,  and  with  a  glass  bottle  stopper,  a  glass 
paper  weight,  or  a  piece  of  mica,  the  effects  of  polarized 
light  may  at  once  be  shown. 

The  book  is  placed  horizontally  near  a  source  of  light. 

Fig.  252. 
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Polarization  by  Reflection  from  Blackened  Glass. 

such  as  a  window  or  a  lamp,  so  that  a  broad  beam  of  light 
will  fall  obliquely  on  it,  and  upon  the  book  is  placed  the 
object  to  be  examined,  which  may  be  either  of  those  named. 

Now,  by  viewing  the  reflected  image  of  the  object  in 
the  piece  of  window  glass,  with  the  glass  arranged  at  the 
proper  angle,  it  is  probable  that  colors  will  be  seen  in  the 
object.  If  no  colors  appear,  it  is  due  to  one  of  three 
causes  :  either  the  object  is  incapable  of  depolarizing  the 
light  polarized  by  reflection  from  the  book  cover,  or  it  is 
too  thick  or  too  thin  to  produce  interference  phenomena,  or 
the  e3'e  of  the  observer  and  the  glass  employed  for  the 
analyzer  are  not  in  a  correct  position  relative  to  the  object 
and  the  polarizer  (the  book  cover). 

The  glass,  if  thoroughly  annealed,  will  produce  no  effect 
on  the  polarized  beam,  but  most  thick  pieces  of  glass,  such 
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as  paper  weights,  ink  stands,  heav}^  glass  bottle  stoppers, 
and  the  like,  are  either  unannealed  or  only  partly  annealed, 
and  are  thus  under  permanent  strain,  which  is  readily  indi- 


es 


c 

< 


cated  by  their  action  on  polarized  light.  A  plate  of  mica  of 
suitable  thickness  exhibits  bright  colors  when  examined  by 
polarized  light,  particularly  when  the  plate  is  either  bowed 
or  inclined. 
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To  render  the  polariscope  thus  described  more  efficient, 
a  plate  of  glass  may  be  placed  on  the  book,  when  the  supe- 
rior reflecting  surface  will  at  once  make  itself  manifest  in 
the  increased  brightness  of  the  colors  and  improved  defini- 
tion of  the  object.  A  still  greater  improvement  may  be 
made  by  blacking  one  side  of  each  glass  with  asphaltum 
varnish  or  any  other  convenient  black  varnish  or  paint, 
using  in  the  experiments  the  unblackened  surfaces,  as  shown 
in  Fig.  252. 

The  angle  which  the  incident  light  beam  should  make 
with  the  polarizer  or  horizontal  blackened  plate  is  35°  25', 
and  the  polarized  beam  should  strike  the  analyzing  plate  at 
the  same  angle,  to  secure  the  maximum  effects  ;  but  it  is 
unnecessary  to  measure  the  angles,  as  they  may  be  easily 
determined  by  the  appearance  of  the  object. 

With  the  two  plates  of  blackened  glass  much  may  be 
learned  with  regard  to  the  properties  of  polarized  light. 
Plates  of  mica  of  various  thicknesses  and  forms,  inclined  at 
various  angles,  bowed  and  turned  in  their  own  planes,  pieces 
of  quartz,  bodies  of  glass  such  as  those  already  mentioned, 
and  odd-shaped  pieces  of  unannealed  glass,  such  as  may  be 
picked  up  at  glass  works,  are  easily  secured  objects.  Bra- 
zilian pebble  spectacle  lenses  often  show  gorgeous  colors 
when  turned  at  different  angles  in  the  beam  of  polarized 
light. 

The  best  position  for  the  polarizing  plate  is  near  a  win- 
dow, with  the  broad  light  of  the  clear  sky  shining  upon  it. 

By  turning  the  analyzing  plate  on  the  axis  of  the  light 
beam,  some  curious  effects  may  be  observed.  When  the 
plates  are  at  right  angles  with  each  other,  the  polarized 
beam  will  be  nearly  quenched,*  and  when  they  are  parallel 
with  each  other,  the  reflection  of  the  sky  will  be  quite 
bright. 

The  employment  of  a  blackened  glass  reflector  for  an 
analyzer  is  attended  with  some  difficulty,  on  account  of  the 
necessity  of  changing  the  position  of  the  eye  for  each  new 

*  With  black  glass  reflectors  employed  as  polarizer  and  analyzer,  the 
extinction  of  the  light  is  net  quite  complete,  even  when  they  are  arranged 
accurately  at  the  polarizing  angle. 
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position  of  the  analyzer.     A  bundle  of  six  or  eight  plates  of 
ordinary  glass  is  more  convenient,  but  not  quite  so  efficient. 


Fig.  254. 


Glass  Strained  by  Pressure. 


These  plates  will  be  used  as  shown  in   Fig.   253,   the   light 
passing  through  them  to  the  eye  instead  of  being  reflected. 


Fig.   255. 


Glass  Strained   by   Heat. 

The  plates  may  be  turned  at  any  angle   without  changing 
the  position  of  the  eye. 
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The  most  perfect  analyzer,  ho'.vever,  is  the  Nicol  prism. 
A  very  small  one  will  answer  perfectly  for  this  class  of 
experiments,  and  is  not  expensive.  But  to  return  to  our 
experiments;  when  the  anal3'zer  and  polarizer  are  crossed 
and  the  field  is  dark,  if  a  few  pieces  of  mica  of  various 
thicknesses  and  shapes  are  held  between  the  analyzer  and 
the  black  glass  plate,  and  bowed  and  inclined  at  different 
angles,  a  great  variety  of  tints  will  be  observed,  and  if  held 
in  one  position  while  the  analyzer  is  turned,  another  effect 
will  be  noticed. 

Among  the  objects  which  may  be  examined  in  this  way 
are  the  paper  weights,  stoppers,  and  other  thick,  partly 
annealed  pieces  of  glass,  a  piece  of  glass  held  edgewise  in  a 
hand  vise  or  pair  of  pliers,  and  put  under  compression,  as 
shown  in  Fig.  254.  A  piece  of  glass  held  edgewise  for  a 
moment  in  a  small  gas  or  candle  flame,  and  then  placed  in 
the  polarized  beam,  shows  the  strain  by  a  light  figure,  like 
that  represented  in  Fig.  255,  or  it  may  assume  other  forms, 
according  to  circumstances.  As  the  glass  cools,  the  figure 
fades  away. 

Small  glass  squares  and  triangular  and  diamond-shaped 
plates,  about  three-quarter  inch  across,  suspended  by  a  fine 
wire  in  the  flame  of  a  Bunsen  burner  or  alcohol  lamp  until 
their  corners  begin  to  fuse,  and  then  cooled  in  air,  become 
permanently  strained,  and  exhibit  symmetrical  figures 
formed  of  dark  and  light  spaces,  but  show  little  color  on 
account  of  their  thinness.  By  superposing  several  such 
plates,  color  effects  may  be  seen. 

The  beautiful  verrc  trcinpe,  or  strained  glass  bl6cks,  a  few 
examples  of  which  are  represented  at  a,  b,  c,  d,  in  Fig.  253, 
are  similar  in  character  to  what  has  just  been  described. 
They  vary  in  thickness  from  one-fourth  inch  to  one-half 
inch,  and  even  thicker.  They  are  expensive  objects,  but 
exceedingly  beautiful  and  interesting. 

In  Fig.  256  is  shown  a  method  of  polarizing  and  analyz- 
ing with  a  single  bundle  of  plates.  It  is,  in  principle,  a  Nor- 
remberg  doubler.  The  light  strikes  the  under  surface  of  the 
bundle  of  plates  at  the  polarizing  angle,  and  is  reflected 
downward  in  a  polarized  state,  passing  through  the  object 
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which  rests  upon  the  horizontal  silvered  mirror.  It  is  then 
reflected  back  through  the  object,  and  passes  through  the 
bundle  of  plates  to  the  eye  of  the  observer ;  the  plates,  as 
before  stated,  serving  to  analyze  the  polarized  beam. 


Fig.  256. 


Simple  Form  of  Norremberg  Doubler. 

A  Norremberg  doubler,  which  answers  a  good  purpose, 
may  be  made  by  leaning  a  clear  plate  of  glass  upon  the  edge 
of  a  book,  over  a  piece  of  ordinary  looking  glass,  and  em- 
ploying a  bundle  of  glass  plates  as  an  analyzer,  as  shown  in 
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Fig.  257.  Here  the  polarization  is  effected  by  -the  single 
plate  of  glass,  and  the  analyzation  by  the  bundle  of  plates 
held  in  the  fingers.  Equipped  with  this  instrument,  the  stu- 
dent of  polarized  light  may  proceed  a  long  way  with  his 
investigations. 

In  this  instrument  the  objects  to  be  examined  are  laid 
upon  the  horizontal  mirror,  and  the  inclined  plate  is 
arranged  with  reference  to  the  light  so  that  it  will  reflect 
the  broad  light  of  the  sky  downward.     The  position  of  the 

Fig.  258. 


Double  Polarization  with  Single  Glass  Plate. 

single  plate  and  bundle  of  plates  may  be  varied  to  secure 
the  best  effects. 

In  Fig.  258  is  shown  an  arrangement  by  which  the  object 
and  the  blackened  glass  both  act  simultaneously  as  polar- 
izer and  analyzer.  By  placing  a  specimen  of  strained  glass 
edgewise  on  the  blackened  glass,  as  shown  in  the  engraving, 
the  light,  striking  the  strained  glass  at  about  the  polarizing 
angle,  is  reflected  from  the  back  surface  of  the  glass  and 
partly  polarized.  The  beam  thus  polarized  is  reflected 
downward  obliquel}^  and  at  the  same  time  depolarized  by  the 
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Strained  body  of  the  glass ;  it  is  reflected  upward  to  the  eye 
and  analyzed  by  the  blackened  glass  mirror,  thus  produc- 
ing an  image  which  is  apparently  below  the  surface  of  the 
mirror.  The  image  seen  in  the  strained  glass  itself  is  pro- 
duced by  the  reverse  of  what  has  just  been  described.  The 
light  is  polarized  and  reflected  by  the  black  glass  mirror, 
and  passes  through  to  the  back  surface  of  the  strained  glass, 
which  reflects  it  back  through  the  body  of  the  glass;  the 
glass  then  acts  as  both  object  and  analyzer. 

When  the  polarizer,  analyzer,  and  object  are  each  mov- 
able, different  effects  will  be  produced  by  rotating  any  of 
them.  As  a  means  of  exhibiting  complementary  colors, 
nothing  can  excel  the  polariscope,  since  the  colors  produced 
in  the  successive  changes  resulting  from  turning  the  analyzer 
or  polarizer  are  necessarily  complementary  to  each  other. 

MICA     OBJECTS    FOR   THE    POLARISCOPE. 

A  few  simple  objects  easily  prepared  from  mica  are  here 
shown.  The  material  is  of  course  procurable  everywhere, 
and  it  requires  little  more  than  a  glance  at  the  engravings 
to  enable  any  one  to  prepare  the  objects.     Doubtless  man)^ 

Fio.  259.  


Mica   Semi-Cylinder. 

Other  forms  than  those   illustrated  will  suggest   themselves 
to  the  student. 

The  simplest  form  is  shown  in  Fig.  259.  It  consists  of 
a  thin  plate  of  mica  bowed  into  approximately  semi-cylindri- 
cal form,  and  secured  by  its  edges  to  a  plate  of  glass  by 
means  of  narrow  strips  of  gummed  paper.     The  size  is  im- 


248 


EXPERIMENTAL    SCIENCE. 


material ;  the  glass  plate  may  be  ij  inches  wide  by  3  inches 
long.  This  object  exhibits  fine  bands  of  prismatic  color 
when  viewed  in  the  polariscope.  Two  such  semi-cylinders, 
when  crossed,  exhibit  the  intricate  figure  shown  in  Fig.  260, 
with  all  the  splendid  colors  of  the  spectrum. 

The  object  shown  in  Fig.  261  is  formed  of  a  disk  of  mica 
having  a  sector  cut  out  and  the  radial  edges  overlapped, 
forming  a  low  cone.     The  overlapping  edges  are  best  fast- 

FlG    260. 


Mica  Semi-Cylinders  Crossed. 


ened  together  by  small  tin  clips  inserted  in  holes  in  the 
mica  and  bent  downward  on  opposite  sides.  The  clips  are 
not  noticeable,  and  are  efficient  in  holding  the  edges  together. 
Cement  will  not  answer  the  purpose,  as  it  adheres  to  the 
surface  onl)^,  and  it  must  be  remembered  that  mica  splits 
almost  indefinitely. 

The  cone  thus  made  has  the  appearance  in  the  polari- 
scope of  a  huge  circular  crystal  of  salicine.  The  colors  of 
the  cone  may  be  heightened  by  mounting  it  on  a  sheet  of 
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mica,  as  shown  in  the  engraving.  The  cone  is  lirst  placed 
in  the  polariscope,  with  the  polarizer  and  analyzer  crossed, 
and  turned  until  it  appears  brightest,  when  the  lower  edge 
is  marked.     The  mica  sheet  is  then  placed  in  the  polariscope, 


Fig.  261. 
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Mica  Cone. 


and  turned  and  marked  in  a  similar  wa)'.  The  cone  is 
then  cemented  by  its  edges  to  the  sheet,  the  marked  edges 
of  both  members  being  arranged  in  the  same  direction. 

The  Maltese  cross  shown  in  Fig.  262  is  revoluble.     The 

Fig.  262. 


Maltese  Cross. 


iirst  Step  toward  the  preparation  of  this  object  is  to  secure  a 
pin  head  downward  on  a  square  of  glass  with  sealing  wax 
or  other  cement.  A  small  paper  tube  which  will  fit  the  pin 
loosely  is  then  made,  and  a  little  head  of  sealing  wax  is 
formed  around  the  tube  near  one  end.     A  piece  of  mica  is 
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selected  which  exhibits  fine  colors  in  the  polariscope,  and 
four  equilateral  triangles  are  cut  from  it,  either  with  their 
corresponding  sides  cut  upon  the  same  base  line,  or  with 
one  side  of  each  cut  from  one  side  of  a  square,  or  they  may 
be  cut  and  mounted  haphazard. 

To  the  apex  of  the  angle  designed  for  attachment  to  the 
paper  tube  a  small  drop  of  sealing  wax  is  applied,  and  with 
the  tube  on  the  pin  the  first  triangle  is  attached  by  holding 
it  in  the  required  position  by  means  of  a  pair  of  tweezers, 
and  then  fusing  the  wax  on  the  mica  and  that  on  the  tube 

Fig.  263. 


Mica   Wheel, 


simultaneously  by  means  of  a  small  heated  wire,  such  as  a 
knitting  kneedle. 

The  other  members  are  placed  and  secured  in  a  similar 
way,  care  being  taken  to  arrange  the  triangles  symmetri- 
cally, and  at  a  slight  angle  with  the  plane  of  rotation  of  the 
object,  as  shown  in  the  engraving. 

The  wheel  shown  in  Fig.  263  and  the  star  shown  in  Fig. 
264  are  prepared  in  a  similar  way.  The  sections  of  the 
wheel  are  cut  from  a  circular  piece  of  mica,  and  cemented 
in  place  on  the  paper  tube  after  the  fashion  of  a  propeller 
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wheel  or  wind  wheel.  Each  ray  of  the  star  is  made  of  two 
scalene  triangles  of  mica  oppositely  arranged  with  respect 
to  each  other,  and  inclined  in  opposite  directions,  the  longer 
and  shorter  sides  of  adjacent  triangles  being  fastened  at  the 
periphery  of  the  star  by  a  minute  drop  of  sealing  wax. 

In  Fig.  264,  beside  the  star  are  shown  two  somewhat 
similar  objects,  formed  of  strips  of  mica,  pivoted  together 
on  a  small  rivet,  one  object  having  the  pivot  in  the  center 


Fig 


Star,   Fan,   and  Crossed  Bars  of  Mica. 

of  the   strips,  the  other  having  it  at  the  end,   giving   the 
object  an  appearance  similar  to  that  of  a  folding  fan. 

Any  of  these  objects  may  be  viewed  by  means  of  the 
black  glass  polarizer  in  connection  with  either  of  the  forms 
of  analyzer  already  described  or  in  the  simple  form  of  Nor- 
remberg  doubler.  These  objects  are  also  verj'  satisfactory 
when  projected  on  the  screen. 


POLARISCOPES. 


One  of  the  simplest  and   best  instruments  for  a  certain 
class  of  investigations  in  polarized  light  is  the  Norremberg 
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doubler,  named  after  its  inventor,  and  shown  in  a  very  sim- 
ple form  in  Fig.  265. 

To  one  edge  of  a  wooden  base,  6  in.  square  and  three- 
fourths  of  an  inch  thick,  is  secured  a  vertical  standard,  i  in. 
square  and  about  15  in.  high,  and  to  the  top  of  the  standard 
is  attached  an  arm  extending  over  the  center  of  the  base, 
and  apertured  to  receive  the  short  tube  containing  the  ana- 
lyzing prism  or  bundle  of  glass  plates.  The  tube  may  be 
made  of  paper,  hard  wood,  or  metal,  and  it  should  be  fitted 
with  a  shoulder,  so  that  it  will  turn  readily  in  the  aperture 
of  the  arm.  To  the  standard  below  the  arm  is  fitted  a  stage 
formed  of  a  thin  piece  of  wood  centrally  apertured  and 
blackened. 

The  stage  is  notched  to  receive  the  standard,  and  is 
attached  to  a  short  vertical  bar  i  in.  wide.  A  clip  of  wood 
extending  across  the  back  of  the  bar,  and  two  small  clips 
secured  to  the  sides  of  the  short  vertical  bar,  bear  with 
sufficient  friction  on  the  standard  to  hold  the  stage  in  any 
desired  position. 

About  6  in.  above  the  base  a  grooved  wooden  strip  is 
pivoted  to  the  standard,  by  means  of  a  common  wood- 
screw  passing  loosely  through  the  grooved  strip  and 
tightly  through  the  standard.  A  wooden  knob  is  turned 
on  the  end  of  the  screw,  and  serves  as  a  nut  to  bind  the 
grooved  strip  in  any  desired  position.  The  strip,  screw, 
and  knob  are  shown  in  detail  at  2,  Fig.  265. 

Into  the  groove  of  the  strip  is  wedged  or  cemented  a 
plate  of  glass,  4  by  9  in.  A  fine  piece  of  ordinary  window 
glass  will  answer,  but  plate  glass  is  preferable. 

Upon  the  base  is  laid  a  square  of  ordinary  looking  glass, 
or,  better,  a  piece  of  plate  mirror. 

The  tube,  shown  in  detail  partly  in  section  at  3,  is  pro- 
vided with  an  inner  tube  of  pasteboard  or  wood,  divided 
obliquely  at  an  angle  of  35°  25'  with  the  axis  of  the  tube, 
and  upon  the  oblique  end  of  one-half  of  the  tube  are  placed 
twelve  or  fifteen  well  cleaned  elliptical  microscope  cover 
glasses,  which  are  held  in  place  by  the  other  half  of  the 
divided  tube.  This  bundle  of  glass  plates,  if  of  good  qual- 
ity and   well   cleaned,    forms   a  very   good   analyzer ;    but 
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instead  of  this,  if  it  can  be  afforded,  a  small  Nicol  prism 
should  be  secured  and  mounted  in  a  centrally  apertured 
cork,  the  latter  being  inserted  in  the  analyzer  tube,  as  shown 
at  4. 

The  object  to  be  examined  may  be  laid  either  on  the  stage 
or  on  the  mirror  below.  If  viewed  on  the  stage,  the  usual 
effects  will  be  observed  ;  but  if  laid  on  the  mirror,  it  is 
traversed  twice  by  the  light,  once  b}'  the  incident  beam  and 
once  by  the  reflected  beam.  This  is  particularly  noticeable 
in  thin  films  of  mica  and  selenite,  and  it  serves  as  an  excel- 
lent means  for  selecting  eighth  and  quarter  wave  plates, 
which  are  useful  in  the  study  of  circular  and  elliptical 
polarization.* 

It  is  quite  difficult  to  produce  a  perfectly  uniform  thin 
film  of  selenite,  owing  to  the  brittleness  of  the  material. 
For  this  reason  mica  is  generally  used,  as  it  possesses  consid- 
erable flexibility  and  toughness.  The  common  method  of 
cleaving  off  thin  films  of  mica  is  to  split  off  a  moderately 
thin  plate  and  then  separate  the  laminae  at  one  of  the  cor- 
ners by  bending  it  between  the  thumb  and  fingers.  A 
medium  sized  sewing  needle  secured  point  outward  in  a 
slender  handle  is  probably  the  best  instrument  for  teasing 
the  laminge  apart ;  but  after  the  separation  begins,  the  thin 
end  of  the  ivory  handle  of  an  ink  eraser  seems  to  serve  the 
purpose  exceedingl}'  well. 

A  score  or  so  of  plates  are  split,  and  examined  one  by 
one  in  the  Norremberg  doubler,  by  laying  them  on  the 
mirror  and  turning  them  in  their  own  planes,  while  the 
polarizer  and  analyzer  are  crossed.  Should  the  plates 
exhibit  any  unevenness  under  the  test,  they  should  be  at  once 
rejected.  Such  as  exhibit  an  even  tint  should  be  preserved 
carefully,  and  examined  further  to  determine  which,  if  any, 

*  The  writer  intends  to  deal  sparingly  with  the  theoretical  part  of  this  sub- 
ject, especially  the  portion  relating  to  circular  and  elliptical  polarization,  it 
having  been  treated  extensiyely  in  many  physical  works  and  in  books  espe- 
cially devoted  to  light  and  optics.  Daniel's  "  Physics,"  prominent  among 
works  of  its  class,  "  Light,"  by  Lewis  Wright,  and  "  Polarization  of  Light," 
by  William  Spottiswoode,  are  excellent  books,  bearing  directly  on  the  subject. 
The  writer  knows  of  no  better  means  of  securing  a  good  knowledge  of  polar- 
ized light  than  by  reading  these  three  books. 
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possess  the  required  qualities.  Not  every  piece  of  mica 
will  split  evenly,  therefore  it  may  be  necessary  to  make  sev- 
eral trials  before  success  is  attained. 

Should  the  film,  when  placed  on  the  stage,  exhibit  a  dull 

Fig.  265. 


Simple  Norremberg   Doubler. 

plum  color,  slightly  inclined  toward  red,  when  the  polarizer 
and  analyzer  are  parallel,  it  produces  a  difference  of  phase 
of  half  a  wave  length,  and  is  called   a  half  wave  film.     As 
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a  matter  of  course,  if  two  films  of  like  thickness,  super- 
posed and  arranged  with  their  axes  in  the  same  direction, 
produce  the  same  color  under  the  same  circumstances,  they 
are  one-fourth  wave  films  ;  and  if  a  pair  of  films  exhibit  the 
same  color  when  similarly  arranged  on  the  mirror  of  the 
doubler,  they  may  be  regarded  as  eighth  wave  films,  as  the 
polarized  beam  passes  twice  through  the  film  to  produce  the 
same  tint.  These  films  should  be  carefully  mounted  between 
glass  plates,  either  dry  or  in  benzole  balsam,  the  latter  being 
preferable. 

The  practical  application  of  the  eighth  and  quarter  wave 
films  will  be  treated  further  on.  Beautiful  and  instructive 
designs  made  from  thin  films  are  described  and  illustrated 
in  Wright's  "  Light,"  to  which  reference  has  been  made. 

The  only  simple  device  for  exhibiting  the  rings  and 
brushes  of  wide-angled  crystals  is  the  tourmaline  tongs 
(Fig.  274),  of  the  kind  commonly  employed  by  opticians  for 
testing  spectacle  lenses ;  but  the  dark  color  of  ordinary 
tourmaline  renders  a  polariscope  of  this  kind  objectionable. 

A  system  of  lenses  devised  by  Norremberg,  and  im- 
proved by  Hoffman,  is  at  present  employed  for  observing 
the  phenomena  of  wide-angled  crystals ;  but  it  is  a  matter 
of  some  difficult}^  to  secure  exactly  such  lenses  as  are 
required  for  the  apparatus  as  constructed  by  Hoffman. 
Very  good  results,  however,  may  be  obtained  by  the  em- 
ployment of  lenses  designed  for  other  purposes.  Reference 
is  made  to  the  hemispherical  condensing  lenses  used  by 
microscopists,  and  ordinary  meniscus  (periscopic)  spectacle 
lenses.  Six  lenses  in  all  are  required.  The  converging  and 
collecting  systems  are  exactly  alike,  but  they  are  oppositely 
arranged  with  respect  to  each  other.  In  the  present  case 
the  two  systems  are  adapted  to  a  Norremberg  doubler,  Fig. 
266,  substantially  like  that  described  in  a  former  part  of  this 
article,  the  main  difference  being  that  the  instrument  now 
illustrated  is  made  principally  of  metal. 

The  tube  of  the  upper  system  of  lenses  is  prolonged 
upward  beyond  the  upper  lens.  Fig.  267,  to  receive  a  Nicol 
prism,  E,  or  other  analyzer,  which  is  mounted  in  a  short 
inner  tube  arranged  to  revolve  in  the  outer  tube. 


256 


EXPERIMENTAL    SCIENXE. 


Fig    266. 


Polariscope 


for  exhibiting  Wide  angled  Crystals. 
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The  lower  system  of  lenses  is  con- 
tained by  a  tube  fitted  to  the  stage  of 
the  doubler.  The  arrangement  of  the 
lenses  and  analyzer  is  shown  in  Fig. 
267.  The  two  systems  of  lenses  being 
alike,  a  description  of  one  will  answer 
for  both.  The  object,  A,  to  be  ob- 
served is  held  between  the  adjacent 
ends  of  the  two  tubes  in  the  universal 
holder  shown  in  Fig.  266. 

The  lens,  B,  next  the  object  is 
nearly  a  hemisphere,  about  eleven- 
sixteenths  inch  in  diameter  and 
three-eighths  inch  focus.  The  second 
lens,  C,  a  meniscus  (periscopic)  spec- 
tacle lens  of  3  inch  focus,  is  arranged 
with  the  concave  face  one-sixteenth 
inch  from  the  convex  side  of  the 
hemisphere.  Beyond  the  3  inch 
meniscus,  3^  inches  distant,  is  placed 
a  biconvex  spectacle  lens,  D,  of  4 
inch  focus.  The  inner  surfaces  of 
the  tubes  are  made  dead  black  by 
the  application  of  a  varnish  formed 
of  lampblack  and  alcohol,  in  which 
only  a  trace  of  shellac  has  been 
dissolved. 

The  tubes  may  have  any  suitable 
diameter,  and  the  proportions  of  the 
doubler  may  be  about  the  same  as 
indicated  by  Fig.  266,  which  is  one- 
quarter  actual  size.  The  tubes  and 
lenses  shown  in  Fig.  267  are  one-half 
size.  The  exact  proportions,  except 
as  to  the  focal  lengths  and  distances 
apart  of  the  lenses,  are  immaterial. 
The  lower  system  of  lenses  must 
produce  a  very  convergent  beam  of 
light,    while    the     upper    system    is 


Fig.  267. 


Longitudinal   Section  of 
Tubes  of  Polariscope. 
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arranged  to  collect  the  rays  after  thej'  pass  through  the 
crystal,  and  bring  them   within  the  range  of  vision. 

The  angle  between  the  optic  axes  in  some  crystals  is  so 
small  as  to  permit  of  seeing  them  readily.  Niter  and  car- 
bonate of  lead  are  examples  of  such  crystals ;  but  there  are 
other  crystals  whose  angle  is  so  great  as  to  render  it  exceed- 
ingly difficult  to  exhibit  them,  and  in  some  crystals  the 
angle  is  so  wide  as  to  render  it  impossible  to  see  both  axes 
at  once.  The  only  method  of  exhibiting  them  is  by  tilting 
the  crystal  first  in  one  direction  and  then  in  the  other,  and 
viewing  them  separately. 

Figs.  268  to  273,  inclusive,  represent  the  figures  shown 
by  several  cr3'stals  in  the  instrument  illustrated.  The  draw- 
ings, having  been  made  directly  from  the  objects  by  the  aid 
of  the  instrument,  are  correct  in  form  and  proportion,  but 
the  beautiful  coloring  is  necessarily  absent. 

Fig.  268  shows  the  rings  and  brushes  exhibited  by  cal- 
cite  in  a  convergent  beam  of  polarized  light,  with  the  polar- 
izer and  analyzer  crossed.  With  the  polarizer  and  analyzer 
parallel,  the  dark  cross  is  replaced  by  a  white  one. 

Niter  is  shown  in  Fig.  269  as  it  appears  when  the  ana- 
lyzer is  crossed.  With  the  analyzer  parallel  with  the  polar- 
izing plate,  the  dark  brushes  are  replaced  by  light  ones. 
Turning  the  crystal  in  its  own  plane  produces  different 
effects. 

In  Fig.  270  is  shown  a  figure  produced  by  a  slice  of 
quartz  cut  at  right  angles  to  the  axis  of  the  crystal,  and 
examined  in  the  instrument  with  the  analyzer  arranged  at  an 
angle  of  45°  with  the  polarizer.  Crystals  of  quartz  vary  in 
their  effects  on  the  polarized  beam,  some  requiring  the  turn- 
ing of  the  analyzer  to  the  right  and  others  to  the  left  to  pro- 
duce like  results.  For  this  reason  the  plates  are  called 
right  or  left  handed,  according  to  the  direction  in  which  the 
analyzer  is  required  to  be  turned. 

By  superposing  a  right  hand  quartz  on  a  left  hand 
quartz,  the  beautiful  spirals  discovered  by  Airy,  and  named 
after  their  discoverer,  may  be  exhibited.  These  spirals  are 
shown  in  Fig.  271. 

In  Fig.  272  is  shown  the  figure  produced   by  the  inter- 
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Fig.  268.  Fig.  269. 


Airy's  Spirals. 
Fig.  273. 


Quartz  Polarized  Circularly. 
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Fig.  274. 


position  of  a  quarter  wave  mica  film  between  the  polarizer 
and  a  plate  of  quartz  viewed  in  the  instrument.  This 
altered  appearance  is  due  to  circular  polarization,  a  phe- 
nomenon treated  extensivel}^  in  the  literature  of  the  subject, 
but  requiring  an  explanation  too  elaborate  for  the  space  at 
command. 

Calcite  polarized  circularl}-  shows  singularly  broken  up 
and  disjointed  rings,  the  brush-like  cross  being  absent,  and 

when  analyzed  circularl}^  or 
viewed  through  a  quarter  wave 
plate,  as  well  as  through  the 
anal3^zer,  the  rings  appear  per- 
fect, and  there  are  no  transverse 
markings. 

Fig.  273  shows  the  intricate 
figure  produced  by  aragonite 
hemitrope,  or  a  pair  of  crystals 
arranged  at  right  angles  with 
each  other.  Somewhat  similar 
figures  are  produced  by  crossed 
plates  of  mica. 

The  following  is  a  list  of  some 
additional  objects  which  may  be 
viewed  in  the  instrument: 

Sulphate  of  nickel,  sugar,  ara- 
gonite, bichromate  of  potash, 
chrysoberyl,  chrysolite,  topaz, 
anh3'clrite.  Instead  of  employ- 
ing the  Norremberg  doubler  for  polarization,  the  lower  tube 
may  be  prolonged,  and  a  large  Nicol  prism  inserted  and 
arranged  like  the  analj-zer. 

In  Fig.  274  is  shown  the  tourmaline  tongs,  the  simplest 
polariscope  known.  It  consists  of  two  plates  of  tourmaline, 
cut  parallel  to  the  optic  axis  of  the  crystal,  and  mounted  in 
cells  arranged  to  turn  in  eyes  formed  at  the  extremities  of 
the  looped  wire.  When  the  plates  are  parallel,  light  passes 
through  them  ;  but  Avhen  they  are  arranged  at  right  angles 
with  each  other,  the  light  is  completely  extinguished.  If  a 
plate  of  quartz  crystal,  a  Brazilian  pebble  spectacle  lens  for 
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example,  be  placed  between  the  tourmalines  arranged  in  this 
way,  the  light  will  again  pass,  showing  that  it  has  been 
depolarized  by  the  rock  crystal. 

This  has  been  accepted  as  an  infallible  test  of  the  genu- 
ineness of  quartz  lenses.  In  the  hands  of  an  expert  it  is 
undoubtedly  valuable,  but  glass  lenses  may  be  put  under 
strain  by  heating  them  and  allowing  them  to  cool  rather 
quickly.  They  will  then,  to  some  degree,  act  on  the  polar- 
ized beam  like  the  true  cr3'stal. 

This  form  of  polariscope  is  useful  in  the  examination  of 
cr^rstals  generally,  but  on  account  of  the  natural  dark  color 
of  the  tourmaline,  the  utility  of  the  instrument  is  limited. 

In  Fig.  275  is  shown  a  polariscope  designed  for  the 
examination  of  large  objects,  such  as  glassware,  etc.  It 
consists  of  a  bundle  of  16  glass  plates,  about  20  or  24  inches 
square,  arranged  with  reference  to  the  Nicol  prism  employed 
as  an  analyzer  at  an  angle  of  35°  25'.  Behind  the  series  of 
plates  is  hinged  a  board  covered  with  black  velvet,  which 
may  be  raised  up  parallel  with  the  glass  plates  when  it  is 
desired  to  polarize  the  beam  by  reflection. 

The  analyzer,  a  Nicol  prism,  is  mounted  in  a  revoluble 
tube,  supported  by  the  small  adjustable  standard.  Articles 
to  be  examined  are  placed  on  the  small  table  between  the 
polarizer  and  analyzer. 

The  light  for  the  polariscope  should  be  taken  through 
either  a  white  paper  or  cloth  screen  or  a  plate  of  ground 
glass.  Anv  strain  in  the  article  examined  will  exhibit  itself 
by  its  depolarizing  effect  on  the  polarized  beam. 

SIMPLE   POLARISCOPE   FOR   MICROSCOPIC   OBJECTS. 

The  examination  of  microscopic  crystals  by  the  aid  of 
the  polariscope  is  an  exceedingl}-  interesting  part  of  the  study 
of  polarized  light.  The  indescribable  play  of  colors,  and 
the  variety  of  exquisite  forms  of  the  smaller  crystals,  render 
this  branch  of  the  subject  very  fascinating.  But  to  under- 
take the  examination  of  this  class  of  objects  in  the  usual 
way  requires  a  microscope  with  the  addition  of  a  polari- 
scope, which  calls  for  an  outlay  of  at  least  fifty  dollars, 
besides  the  cost  of  the  objects,  and  while  it  is  believed  that 
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such  an  outlay  would  be  indirectly,  if  not  directly,  profit- 
able, it  is  not  necessary  to  expend  a  fiftieth  of  that  amount 
to  arrive  at  very  satisfactory  results. 

The  cost  of  the  compact  and  efficient  little  instrument 
shown  in  Fig.  276  is  as  follows : 

One  pocket  magnifier,  having  two  lenses  i^  inches  and  2 

Fig    276. 


Polanscope  for  Microscopic  Objects. 

inches  focus  respectively,  giving  when  combined  a  f  inch 
focus,  50  cents;  eighteen  elliptical  microscope  cover  glasses 
for  analyzer,  38  cents.  The  cost  of  wood  for  the  principal 
parts,  the  pasteboard  tubes,  the  glass  for  the  polarizer,  and 
the  metal  strips  for  the  slide-holding  springs,  can  hardly  be 
counted,  and  the  labor  must  be  charged  to  the  account  of 
recreation  ;  so  that  less  than  one  dollar  pays   for  an   instru- 
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ment  that  will  enable  its  owner  to  examine  almost  the  entire 
range  of  microscopic  polariscope  objects  with  a  degree  of 
satisfaction  little  less  than  that  afforded  by  the  use  of  the 
best  instruments. 

The  form,  proportions,  and  material  of  the  body  of  the 
instrument  are  entirely  matters  of  individual  taste.     In  the 

Fig.  277. 


Longitudinal  Section  of  Polariscope  and  Details.     Half  Size. 
A,  Longitudiaal  Section,     R,  Magnifier  and  Clamp.    C,  Cross  Section  showing;  Clamp 

and  Magnitier. 

present  case,  the  hand  piece  and  sliding  stage  are  made  of 
^  in.  mahogany,  the  handle  being  formed  on  the  hand 
piece  by  turning.  The  stage  is  2)2  in.  square,  and  has  in  its 
lower  edge  a  half  inch  square,  transverse  groove,  which 
receives  the  square  rod  projecting  from  the  hand  piece  at 
right  angles.  The  rod  is  held  in  the  groove  by  a  wooden 
strip  fastened  to  the  lower  edge  of  the  stage  by  two  wood 
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screws,  so  that  it  bears  with  a  Hght  friction  on  the  under  side 
of  the  rod. 

The  hand  piece  and  stage  are  both  pierced  above  the  rod 
with  holes  which  are  axially  in  line  with  each  other.  The 
diameter  of  the  holes  is  governed  by  the  size  of  the  cover 
glasses.  Those  in  the  instrument  shown  are  of  the  exact 
size  and  form  of  the  annexed  diagram  (Fig.  278). 

These  cover  glasses  are  procurable  from  any  dealer  in 
supplies  for  microscopists.  Eighteen  of  them,  at  least,  are 
required.  The  paper  tube  inclosing  these  glasses  is  a  little 
more  than  {-}  in.  internal  diameter ;  its  outside  diameter 
is  J  in.  and  its  length  is  if  in.  A  narrow  paper  collar  is 
glued  around  one  end  of  the  tube,  and  both  the  hand  piece 
and  the  stage  are  counterbored  to  receive  the  collar,  as 
shown  in  the  sectional  view.  A,  Fig.  277.  To  the  tube  thus 
described  is  fitted  an  internal  paper  tube,  ^^^   ^78 

which  is  about  yi  in.  shorter  than  the 
outer  tube.  The  inner  tube  is  divided 
diagonally  at  an  angle  of  35°  25',  which  is 
the  complement  of  the  polarizing  angle 
for  glass  (54°  35').  The  oblique  surfaces 
thus  formed,  when  placed  in  the  tube  in  Elliptical  Cover  Glass 
opposition  to  each  other,  support  them  between  the  glass 
plates  at  the  polarizing  angle.  The  simplest  way  to  arrange 
the  angles  of  the  tubes  and  other  parts  of  the  polariscope 
is  by  the  employment  of  a  triangle  of  cardboard  like  that 
illustrated  in  Fig.  279.  In  fact,  a  copy  of  the  triangle  here 
shown  may  be  used. 

It  is  sometimes  a  matter  of  considerable  difficulty  to 
clean  the  thin  cover  glasses  without  the  risk  of  breaking 
a  large  percentage  of  them.  An  effective  device  for  hold- 
ing the  glasses  while  they  are  being  cleaned  is  shown  in 
Fig.  280.  It  consists  of  a  piece  of  thin  Bristol-board,  hav- 
ing an  elliptical  aperture  loosely  fitting  the  edges  of  the 
glass  to  be  cleaned,  and  a  plain  card  glued  to  the  back  of 
the  apertured  card,  and  forming  the  bottom  of  the  shallow 
recess  into  which  the  glasses  are  dropped  for  cleaning.  The 
holder  may  be  pressed  down  upon  the  table  by  the  fingers 
of    one   hand,  while  the   glass  is   rubbed   with   a  soft  linen 


266 


EXPERIMENTAL    SCIENCE. 


handkerchief,  after  being  breathed  on.  Glasses  that  cannot 
be  easily  and  thoroughly  cleaned  in  this  way  are  worthless 
for  this  purpose. 

Before  the  glass  plates  are  put  together,  they  are  dusted 
with  a  camel's  hair  brush  to  remove  an}-  adhering  lint  and 
dust.  The  paper  tubes  are  made  dead  black  inside  and 
outside. 

The  front  of  the  stage  is  provided  with  a  pair  of  thin 
brass  springs,  which  serve  to  clamp  the  object  slide  with  a 
light  pressure  to  the  stage.  In  the  back  of  the  stage,  below 
the  central  aperture,  is  formed  a  groove  for  receiving  the 

Fig.  27g. 


^^\^^ 


Triangle  and   Paper  Tube.     Full   Size. 

black  glass  polarizing  plate.  The  groove  supports  the  black 
glass  at  an  angle  of  54'  35'  with  the  plane  of  the  stage,  or  at 
an  angle  of  35"  25'  with  the  holes  in  the  stage  and  hand 
piece.  The  polarizing  plate  may  consist  of  a  plate  of 
polished  black  glass,  but  it  is  generally  more  convenient  to 
employ  an  ordinary  piece  of  glass  blackened  on  one  side. 
A  thin  pine  wedge  cemented  to  the  back  of  the  plate  causes 
it  to  bind  in  the  groove  of  the  stage. 

To  the  inner  face  of  the  hand  piece  is  clamped  an  ordi- 
nary pocket  magnifier  by  means  of  the  wooden  clip.  At 
C  is  shown  the  arrangement  of  the  magnifier  relative  to  the 
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analyzer.  Any  convex  lens  of  suitable  focus  may  be  pressed 
into  the  service.  The  face  of  the  stage  and  other  parts  of 
the  instrument  visible  through  the  analyzer  are  blackened. 
The  object  to  be  viewed  is  placed  on  the  stage  and 
focused,  when  the  instrument  is  held  so  that  the  black  glass 
polarizing  plate  reflects  the  light  through  the  object  and 
through  the  analyzer.  The  analyzer  is  then  turned,  and  the 
object  observed.  To  heighten  the  color  effects,  a  plate  of 
selenite    or  mica   may  be  placed    immediately    behind    the 

Fig.  280. 


Holder  for  Glass. 

object,  or  between  the  stage  and  black  glass  plate.  Mica 
plates  of  suitable  thickness  are  selected  by  trial  in  the  instru- 
ment, and  preserved  for  future  use. 

It  is  sometimes  desirable  to  rotate  the  polarizer.  When 
the  black  glass  plate  is  used,  this  is  impracticable,  but  on 
removing  this  plate,  and  inserting  in  the  stage  a  polarizer 
consisting  of  a  tube  containing  plates  like  the  analyzer,  the 
effects  of  rotating  the  polarizer  ma)-  be  observed.  Tcj  ren- 
der the  rotation  of  the  paper  tubes  smooth  and  uniform, 
their  bearings  in  the  hand  piece  and  stage  are  rubbed  over 
with  the  point  of  a  soft  lead  pencil,  imparting  to  them  a  thin 
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coating  of  plumbago,  which  diminishes  friction  and  pre- 
vents sticking.  The  objects  which  may  be  examined  by  the 
aid  of  this  instrument  are  very  numerous.  Many  of  them 
are  easily  prepared,  and  some  need  no  preparation  at  all. 
The  chemical  salts  mentioned  below  may  be  prepared  for 
observation  by  allowing  their  solutions  to  evaporate  on  a 
slip  of  glass:  x^lum,  bichromate  of  potash,  bichloride  of 
mercur}',  boracic  acid,  carbonate  of  potash,  carbonate  of 
soda,  citric  acid,  chlorate  of  potash,  hyposulphite  of  soda, 
iodide  of  potassium,  nitrate  of  ammonia,  nitrate  of  copper, 
nitrate  of  soda,  oxalic  acid,  prussiate  of  potash  (red),  prus- 
siate  of  potash  (yellow),  sugar,  sulphate  of  copper,  sulphate 
of  iron,  sulphate  of  nickel,  sulphate  of  potash,  sulphate  of 
soda,  sulphate  of  zinc,  tartaric  acid. 

Slips  of  glass,  1x3  inches,  are  convenient  for  this  pur- 
pose. A  circle  about  f  inch  diameter  is  formed  on  each 
slip  with  a  piece  of  paraffin  or  wax,  and  while  the  slips  are 
supported  in  a  level  position,  a  few  drops  of  a  rather  strong 
solution  are  placed  in  each  circle,  and  the  slips  are  allowed 
to  remain  quietly  until  the  crystals  form. 

For  methods  of  covering  and  preserving  these  cr)'stals, 
as  well  as  for  hints  on  the  preparation  of  the  more  difficult 
crystals,  the  reader  is  referred  to  the  chapter  on  microscopy. 

The  following  vegetable  and  animal  substances  may  be 
examined  by  polarized  light : 

Cuticles,  hairs,  scales  from  leaves,  fibers  of  cotton  and 
flax,  starch  grains,  thin  longitudinal  sections  of  wood,  oiled  ; 
spicules  of  sponges  and  gorgonia,  cuttlefish  bone,  hairs, 
quills,  horn,  finger  nail,  and  skin.  These  objects  should  be 
thin  and  translucent  or  transparent.  It  is  necessar)^  in  some 
cases  to  increase  their  transparency  by  soaking  them  in  oil 
or  some  other  suitable  liquid.  Many  rock  sections  and  sec- 
tions of  minerals  may  be  studied  advantageously  by  the 
aid  of  polarized  light,  but  since  the  object  sare  quite  diffi- 
cult to  prepare,  no  list  of  them  is  given. 

PRACTICAL     APPLICATIONS    OF    THE     POLARISCOPE. 

The  practical  applications  of  the  polariscope  are  few  but 
important.     In  chemistry,  its  most  prominent  use  is  in  the 
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determination  of  sugars.     In  medicine,  it  iinds  an   applica- 
tion in  the  examination  of  diabetic  urine.     In  geology  and 


mineralogy,  it  is  of  utility  in 
nature  of  rocks  and  minerals, 
basis  of  several  photometers. 
In  photography,  the  polari- 
scope,  or  at  least  a  part  of 
it — the  Nicol  prism — has  been 
employed  for  reducing  the 
glare  of  highly  illuminated 
objects.  In  a  similar  waj^, 
the  Nicol  prism  has  been 
used  for  extending  the  field 
of  vision  in  a  fog.  It  forms 
an  important  part  of  the 
water  telescope.  It  has  also 
been  used  to  some  advantage 
in  viewing  paintings  unfavor- 
ably situated  in  galleries.  In 
the  trades  the  polariscope 
has  proved  useful  in  detect- 
ing strains  in  glass.  By  opti- 
cians, it  has  for  years  been 
recognized  as  a  test  for  the 
genuineness  of  Brazilian  peb- 
ble lenses  for  spectacles.  It 
has  also  proved  of  great  uti- 
lity to  the  microscopist  in  the 
examination  of  minute  struc- 
tures. 

The  polariscope  has  re- 
cently been  applied  in  France 
to  determining  the  tempera- 
ture of  incandescent  iron  and 


determining  the  origin   and 
In  photometrv,  it  forms  the 

Fig.  281. 


¥^^ 


f :'  A. 


Wheatstone's  Polar  Clock. 


Other  metals.  The  color  of  a  glowing  mass  of  metal  varies 
according  to  its  temperature,  and  a  ray  of  the  light  when 
polarized  is  rotated  by  a  plate  of  quartz  to  a  degree  depen- 
dent upon  the  color.  The  degree  of  rotation  is  measured 
by  the  polariscope,  and  an  empirical  scale  of  temperature 
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is   thus   obtained,  which   has   been   found  ven^  useful  and 
reliable  in  metallurgical  operations. 

One  of  the  most  curious  uses  of  polarized  light  is  the 
indication  of  the  time  of  day.  Sir  Charles  Wheatstone 
devised  a  polar  clock  in  which  a  Nicol  prism  in  con- 
nection with  atmospheric  polarization  is  made  to  indicate 
the  time  of  day.  Several  forms  of  this  instrument  have 
been  made;  one  of  them  is  shown  in  Figs.  281  and  282.* 
Atmospheric  polarization,  according  to  Professor  Tyndall, 
is  due  to  the  reflection  of  light  from  the  fine  particles  of 
matter  floating  in  the  air.  By  examining  the  sky  on  a  clear 
day  by  means  of  a  Nicol  prism   and  a  plate  of  selenite  or 

Fig.  282. 
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Longitudinal  Section  of  Polar  Clock. 

other  crystal,  polarization  will  be  detected  without  difficulty. 
The  brightest  effects  are  noticed  at  a  point  90°  from  the  sun. 
By  directing  a  Nicol  prism  to  the  north  pole  of  the  heavens 
— a  position  always  at  right  angles  to  the  sun,  or  approxi- 
mately so — and  turning  it  round,  the  colors  of  the  crystal 
plate,  viewed  through  the  prism,  will  change  in  a  definite 
order,  or,  if  the  position  of  the  Nicol  be  fixed,  the  move- 
ment of  the  sun  will  produce  similar  changes  of  color.  The 
polar  clock  is  based  upon  this  principle. 

The  inventor  describes  this  instrument  as  follows:  "At 
the  extremit}'  of  a  vertical  pillar  is  fixed,  within  a  brass  ring, 
a  glass  disk,  so  inclined  that  its  plane  is  perpendicular  to  the 

*  Other  forms  are  described  in  Spottiswoode's  "  Polarization  of  Light." 
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polar  axis  of  the  earth.  On  the  lower  half  of  this  disk  is  a 
graduated  semicircle,  divided  into  twelve  parts  (each  of 
which  is  again  subdivided  into  five  or  ten  parts),  and  against 
the  divisions  the  hours  of  the  day  are  marked,  commencing 
and  terminating  with  VI.  Within  the  fixed  brass  ring  con- 
taining the  glass  dial  plate,  the  broad  end  of  the  conical 
tube  is  so  fitted  that  it  freely  moves  round  its  own  axis  ;  this 
broad  end  is  closed  by  another  glass  disk,  in  the  center  of 
which  is  a  small  star  or  other  figure,  formed  of  thin  films  of 
selenite,  exhibiting,  when  examined  with  polarized  light, 
strongly  contrasted  colors  ;  and  a  hand  is  painted  in  such  a 
position  as  to  be  a  prolongation  of  one  of  the  principal  sec 
tions  of  the  crystalline  films.  At  the  smaller  end  of  the 
conical  tube  a  Nicol  prism  is  fixed  so  that  either  of  its 
diagonals  shall  be  45°  from  the  principal  section  of  the 
selenite  films. 

The  instrument  being  so  fixed  that  the  axis  of  the 
conical  tube  shall  coincide  with  the  polar  axis  of  the  earth, 
and  the  eye  of  the  observer  being  placed  to  the  Nicol 
prism,  it  will  be  remarked  that  the  selenite  star  will  in 
general  be  richly  colored ;  but  as  the  tube  is  turned  on  its 
axis  the  colors  will  vary  in  intensity,  and  in  two  positions 
will  entirely  disappear.  In  one  of  these  positions,  a  smaller 
circular  disk  in  the  center  of  the  star  will  be  a  certain  color 
(red  for  instance),  while  in  the  other  position  it  will  exhibit 
the  complementary  color. 

This  effect  is  obtained  by  placing  the  principal  section 
of  the  small  central  disk  22^°  from  that  of  the  other  films 
of  selenite  which  form  the  star.  The  rule  to  ascertain  the 
time  by  this  instrument  is  as  follows :  The  tube  must 
be  turned  round  by  the  hand  of  the  observer  until  the 
colored  star  entirely  disappears,  while  the  disk  in  the  center 
remains  red;  the  hand  will  then  point  accurately  to  the 
hour. 

"  The  accuracy  with  which  the  solar  time  may  be  indi- 
cated by  this  means  will  depend  on  the  exactness  with 
which  the  plane  of  polarization  can  be  determined.  One 
degree  of  change  in  the  plane  corresponds  with  four  min- 
utes of  solar  time." 
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SUGGESTIONS   IN   DECORATIVE   ART. 

Occasionally,  evidences  of  the  use  of  the  microscope  in 
decorative  art  are  seen,  and  ever)-  microscopist  knows  that 

Fig.  283. 


Salicine   Crystals. 

there   are   thousands    of   beautiful    forms   lost    to    unaided 
human  vision  which  are   revealed   only   to  the  user  of  the 

Fig.  284. 


Sulphate  of  Cadmium. 


POLARIZED     LIGHT. 


273 


microscope.*     These  minute  forms  are  always  exquisite  in 
their  construction  and  finish,  often  symmetrical  and  graceful 

Fig.  2S5. 


Santonine. 

in  form,  and  quite  as  often  finely  colored.     All  this  is  true  of 
microscopic  objects  in  general,  but  it  is  especially  true  of 

Fig    286. 


Lithic  Acid. 
See  also  chapter  on  microscopy. 
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polariscopic  microscope  objects 
certain  extent,  artificial.     The  cr 
result  of  manipulation,  but  the 
natural,  so  that,  after  all,  we  are 
these  objects. 

In  the  present  instance,. a  few 
tallization  have  been  selected  as 
tions  in  decorative  art.  These  c 
arized  light  in  the  microscope, 
engravings,  necessarily  divested 


Some  of  these  are,  to  a 
ystals,  for  example,  are  the 
laws  of  crystallization  are 
indebted  to  nature  even  for 

striking  examples  of  crys- 
the  basis  of  some  sugges- 
rystals,  as  exhibited  by  pol- 
are  shown  in  the  annexed 
of  their  principal  charm — 


Border  Dado  or  Frieze. 


that  of  color.  The  forms  only  are  shown.  The  reader  can 
imagine  these  figures  invested  with  most  gorgeous  colors 
combined  in  a  perfectly  harmonious  way.  In  respect  to  color, 
the  polariscope  never  errs.  Whatever  colors  are  presented 
are  correctly  related  to  each  other.  This  feature  alone  is 
of  great  value  to  the  designer  and  colorist.  I'he  circular 
crystals  of  salicine,  shown  in  Fig.  283,  are  always  interest- 
ing. The  play  of  the  radial  bands  of  color  as  the  polarizer 
or  analyzer  is  revolved  gives  each  disk  the  appearance  of 
having-  an  actual  rotation  of  its  own. 
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In  Fig.  284  are  shown  the  delicate,  feathery  crystals  of 
sulphate  of  cadmium,  in  which  the  coloring,  as  exhibited  by 
polarized  light,  is  scarcely  more  beautiful  than  the  exquisite 
forms.  The  shapes  of  the  different  crystals  vary  somewhat, 
but  there  is  a  characteristic  feature  pervading  them  all. 

In  Fig.  285  are  shown  crystals  of  santonine  in  a  variety 

Fig.  288. 


Panel  with  Ornamentation  of  Crystals. 

of  forms — some  like  spears  of  grass,  others  resembling 
heads  of  grain,  and  still  others  like  ferns  and  various  leaves, 
while  the  larger  crystals  or  aggregation  of  crystals  has  a 
radial  arrangement. 

In  Fig.  286  are  shown  crystals  of  lithic  acid,  which 
adjoin  each  other,  and  form  a  solid  field,  having  strongl}' 
contrasting  bands  of  light  and  dark  color. 
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Fig.  287  will  be  recognized  as  a  part  of  a  dado,  frieze,  or 
border,  formed  of  lithic  acid  as  a  ground,  cr_ystals  of  platino- 
cyanide  of  barium  as  the  division  of  the  panels,  and  crystals 
of  sulphate  of  cadmium  as  rosettes  upon  the  centers  of  the 
panels. 

Fig.  288  shows  a  panel  formed  in  part  of  the  same  crys- 

FlG.  2S9. 


A  Composite  Border. 

tals,  with  a  crystal  of  salicine  planted  at  the  intersection  of 
two  of  the  slender  platino-cyanide  of  barium  crystals,  and 
small  crystals  of  kinate  of  quinia  forming  flowers. 

In  Fig.  289  is  shown  a  border  formed  of  crystals  of  san- 
tonine,  arranged  on  a  ground  of  neutral  tint,  with  a  row  of 
circular  crystals  of  sulphate  of  copper  and  magnesia  above 
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a  row  of  crystals   of  kinate   of  quinia,   arranged   on  a  dark 
ground. 

Fig.  290  shows  a  pattern  having  a  background  of  stearic 

Fig.  ago. 


Pattern  with  Background  of  Stearic  Acid  and  Crystal  Leaves, 
Stalks,  and  Flowers. 


acid,  branches  of  platino-cyanide  of  barium,  leaves  of  platino- 
cyanide  of  magnesium,  and  flowers  of  salicine. 

What  has  been  shown  in  the  engravings  constitutes  only 
a  hint  of  what  may  be  done  in  this  direction.  The  number 
of  beautiful  crystals  and  other  polariscope  objects  available 
for  this  purpose  is  very  large. 
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CHAPTER  XIII.  ! 

MICROSCOPY. 

The  world  of  the  minute  existing  be3'ond  the  range  of  the 
unaided  vision  is  little  realized  b}^  those  who  take  no  inter- 
est in  microscopy.  The  beaut}'  and  perfection  of  the  smaller 
works  of  nature  can  never  be  fullj^  known  through  the 
medium  of  literature  or  art ;  the  objects  themselves  must  be 
observed  by  the  student  personall}-. 

In  every  pond  and  stream  may  be  found  microscopic 
forms  of  life.  In  every  plant  and  flower,  upon  leaves  and 
stalks,  among  the  sands  and  rocks,  almost  everywhere  in  all 
seasons,  may  be  found  objects  of  absorbing  interest  to  the 
student  of  microscopy.  Animals  and  insects,  food  and  man- 
ufactured articles,  3-ield  objects  which  may  be  examined 
microscopically  with  pleasure  and  profit.  Chemistr}'  and 
mineralogy  afford  attractive  fields,  and  the  ph)rsicist  finds 
the  microscope  a  necessity  in  his  investigations.  In  fact,  one 
so  inclined  cannot  fail  of  finding  interesting  and  instructive 
objects  with  little  difficulty. 

Microscopical  investigations  may  be  carried  on  by  the 
aid  of  an  ordinary  inexpensive  microscope,  but  this,  in  the 
natural  course  of  things,  will  give  place  to  a  more  perfect 
instrument  and  a  complete  list  of  accessories,  provided  the 
student  becomes  interested  in  the  subject.  A  fine  instru- 
ment is  desirable  on  account  of  its  wider  range  of  usefulness, 
its  superior  optical  powers,  and  the  facilit}'  with  which  it 
may  be  adapted  to  different  classes  of  objects.  It  has  the 
further  important  advantage  of  being  less  fatiguing  to  the 
eyes. 

The  simplest  and  cheapest  of  all  microscopes  is  repre- 
sented in  Fig.  291.  It  consists  of  a  thin  piece  of  glass, 
having  attached  to  it  one  or  two  short  paper  tubes,  which 
are  coated  with  black  seahng  wax,  and  cemented  to  the 
glass  with  the  same  material. 
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By  aid  of  the  small  stick  water  is  placed,  drop  by  drop, 
in  the  cells  until  the  lenses  acquire  the  desired  convexity. 
Objects  held  below  the  glass  will  be  more  ot  less  magnified, 
according  to  the  diameter  and  convexity  of  the  drop. 

A  convenient  stand  for  the  water  lens  is  shown  in  Fig. 
292.  The  detail  views  are  vertical  sections  of  the  lenses, 
showing  the  screw  for  adjusting  the  convexity  of  the  drop. 

The  stand  is  made  of  wood.  The  sleeve  that  supports 
the  stage  slides  freely  vipon  the  vertical  standard.  A  wire 
having  a  milled  head  passes  through  the  upper  end  of  the 

Fig.  291. 


Simple  Water  Lens  Microscope. 

standard,  and  has  wound  upon  it  a  strong  silk  thread,  one 
end  of  which  is  tied  to  a  pin  projecting  from  the  stage-sup- 
porting sleeve.  An  elastic  rubber  band  is  attached  to  the 
lower  end  of  the  sleeve,  and  to  a  pin  projecting  from  the 
standard  near  the  base,  to  draw  the  table  downward.  The 
stage  is  raised  or  lowered  by  turning  the  milled  head. 

Two  standards  project  from  the  bed  piece  for  receiving 
the  corners  of  a  rectangular  piece  oi  silvered  glass  which 
forms  the  reifector. 

The  water  cell  consists  of  a  brass  tube  about  f  inch 
long  and  }s  to  ^%  inch  internal  diameter,  having  in  one  side 
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a  screw  for  displacing  tiie  water  to  render  the  lens  more  or 
less  convex.  A  thin  piece  of  glass  is  cemented  to  the  lower 
end  of  the  tube,  and  the  inside  of  the  tube  is  blackened. 

Several  bushings  may  be  fitted  to  the  upper  end  of  the 
tube  to  reduce  the  diameter  of  the  drop,  and  thus  increase 
the  magnifying  power  of  the  lens. 

Water  containing  animalcules  or  a  solution  of  a  salt  for 
crystallization  may  be  placed  on  the  under  surface  of  the 

Fig.   2g2. 


Water  Lens  Microscope  Complete. 

glass,  when  the  lens  may  be  focused  by  turning  the  adjust- 
ing screw.  The  lens  may  be  adjusted  to  magnify  objects 
placed  on  the  movable  stage  by  rendering  it  less  convex, 
thus  increasing  its  focal  length. 

Air  bubbles  forming  on  the  upper  surface  of  the  glass 
may  be  readily  displaced  by  means  of  a  cambric  needle. 

The  water  lens  microscope  or  any  lens  or  combination  of 
lenses  through  which  an  erect  virtual  image  is  seen,  magni- 
fied, is  known  as  a  simple  microscope,  while  a  compound 
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microscope  is  an  instrument  in  which  a  lens,  or  system  of 
lenses,  known  as  an  objective,  forms  a  real  and  greatly 
enlarged  image  of  the  object,  and  in  which  this  image  is 
itself  magnified  by  a  second  lens  or  system  of  lenses,  known 
as  the  eyepiece  or  ocular. 

Fig.  293. 


Compound  Microscope. 

An  inexpensive  compound  microscope  is  shown  in 
Fig.  293.  This  instrument,  when  closed,  is  8  inches  high, 
and  has  a  draw  tube  which  permits  of  extending  it  to 
a  height  of  1 1  inches.  The  foot  and  arm  are  of  japanned 
iron.     The  tubes  are  well  finished  and  lacquered.     It  has  an 
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achromatic  objective  divisible  into  two  powers.     The  mir- 
ror may  be  swung   over  the   stage   for  the   illumination   of 

opaque  objects. 

Fig.  294. 


Diapbragm  and  Fine  Adjustment. 

To  the  instrument  as  received  from  the  manufacturer  is 
applied  a  home-made  diaphragm,  as  shown  at  A,  in  Fig. 
294,  and  a  fine  adjustment,  as  shown  at  B  C,  in  the  same  fig- 

FiG    295. 


Substitute  for  Revolving  Table. 

ure.  The  diaphragm  consists  of  a  piece  of  perforated  thin 
sheet  metal,  extending  along  the  under  surface  of  the  stage, 
and  neatly  bent  over  the  outer  edge  of  the  stage,  so  as  to  be 
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self-supporting — the  perforations  of  the  metal  being  respect- 
ively one-sixteenth,  one-eighth,  three-sixteenths,  one-fourth, 
and  five-sixteenths  inch  diameter,  all  arranged  on  a  longitud- 
inal line  of  the  metal  plate  intersecting  the  axial  line  of  the 
microscope  tube,  so  that  the  centers  of  the  holes  of  the  dia- 
phragm may  be  made  to  coincide  with  the  center  of  the  hole 
in  the  stage. 

The  attachment  for  fine  adjustment  is  made  b}^  bend- 
ing one  end  of  a  thin  metal  plate  twice  at  right  angles,  so 
that  it  will  spring  on  the  edge  of  the  stage  and  clamp  the 
stage  tightly.  The  opposite  end  of  the  metal  plate  is  bent 
in  a  similar  manner,  but  the  space  between  the  body  of  the 
plate  and  the  bent-over  end  is  made  wider,  to  permit  of  a 
small  amount  of  movement  of  this  end  of  the  plate.  In  the 
portion  of  this  end  of  the  plate  extending  under  the  stage  is 
inserted  a  fine  screw  with  a  milled  head,  by  means  of 
which  the  free  end  of  the  plate  may  be  made  to  move  either 
up  or  down  through  a  small  distance.  The  body  of  the 
plate  is  inserted  under  the  stage  clips,  and  the  object  slide 
is  inserted  between  the  clips  and  the  movable  plate. 

The  instrument  has  no  rack  adjustment,  but  the  main 
tube  slides  easily  and  smoothly  in  the  guide  tube,  so  that 
little  or  no  difficulty  is  experienced  in  focusing.  Besides 
the  instrument  and  accessories,  only  the  following  articles 
will  be  required  to  begin  in  earnest  the  study  of  micro- 
scopic objects :  A  small  pair  of  spring  forceps,  a  bottle  for 
objects,  a  few  concaved  glass  slides,  a  few  thin  cover  glasses, 
a  glass  drop  tube,  a  small  kerosene  lamp ;  and  if  the  investi- 
gator desires  to  entertain  his  friends  with  the  microscope, 
he  will  need  a  Japanese  or  tin  tray,  large  enough  to  con- 
tain both  microscope  and  lamp,  as  shown  in  Fig.  295,  so  that 
the  relation  of  both  may  be  preserved  while  the  tra^^  is 
moved  to  bring  the  instrument  into  position  for  different 
observers,  by  simply  sliding  the  tray  on  the  table. 

A  little  caution  as  to  illumination  is  necessary,  as  the 
beginner  is  generally  unsparing  of  his  eyes,  using  far  too 
much  light.  A  blue  glass  screen  placed  between  the  mirror 
and  source  of  light,  or  between  the  mirror  and  the  stage, 
modifies  the  light  so  as  to  greatly  relieve  the  eyes. 
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The  lamp  should  be  provided  with  a  shade  of  some  sort 
to  prevent  the  light  from  passing  directly  from  the  lamp  to 
the  eyes.     A  small  Japanese  fan  suspended  from  the  chim- 


A  Modern  Microscope.' 


ney  by  a  wire,  as  shown,  forms  a  very  desirable  shade. 
Most  objects  viewed  by  transmitted  light  in  an  instru- 
ment of  this  class  require  an  absolutely  central  light,  that  is, 

*  Bausch  i:  Lomb  Optical  Co.'s   "Universal." 
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the  light  must  be   reflected  straight  upward  through   the 
object  and  through  the  tube. 

When  opaque  objects  are  examined,  the  mirror  is  raised 
above  the  stage  and  made  to  concentrate  the  light  on  the 
object.  Different  angles  of  illumination  should  be  tried,  as 
some  objects  are  greatly  relieved  by  their  shadows,  while 


Fig.  297a. 


Fig.  297. 


Light  Modifier. 


Iris  Diaphragm. 


others  require  illumination  as  nearly  vertical  as  possible. 
Experience  will  soon  indicate  the  right  magnification  for 
different  objects.  This  may  be  varied  by  taking  off  or  put- 
ting on  the  lower  half  of  the  objective,  also  by  drawing  out 
or  pushing  in  the  draw  tube. 

For  truly  scientific  microscopical  work  a  better  instru- 

FiG.  29S. 


Sub-Stage  Condenser. 

ment  than  that  already  described  will  be  needed.  The 
microscope  shown  in  Fig.  296  is  perfectly  adapted  for  gen- 
eral use.  The  main  tube  has  two  draw  tubes  by  which  any 
desired  tube  length  may  be  secured.  The  coarse  adjust- 
ment is  effected  by  means   of  a  rack   and  pinion ;    and  a 
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micrometer  screw  is  used  for  the  fine  adjustment.  The  stage, 
which  is  revoluble,  is  made  thin  to  allow  of  the  greatest 
obliquity  of  illumination.  The  arms  which  support  the 
sub-stage  and  the  mirror  turn  upon  the  same  axis,  and  are 
capable  of  being  moved  independently.  The  mirror  may 
be  swung  above  the  stage  for  the  illumination  of  opaque 
objects. 

The  sub-stage  is  adapted  to  receive  any  of  the  acces- 
sories, such  as  the  light  modifier  shown  in  Fig.  297,  the  con- 
denser represented  in  Fig.  298,  and  other  desirable  and 
indispensable  appliances.  A  stand  of  this  character  is  per- 
fectly adapted  to  objectives  of  the  highest  class.  All  adjust- 
ments required  to  secure  any  angle  of  illumination,  any 
position  of  the  object,  or  any  degree  of  fineness  of  focal- 
izing, can  be  made  quickly  and  with  precision.  The  pos- 
sessor of  a  microscope  of  this  quality  will  always  feel  a 
degree  of  satisfaction  which  the  poorer  instrument  can 
never  give. 

A  larger,  more  complete,  and  at  the  same  time  much 
more  expensive  microscope  is  shown  in  Fig.  304,  in  connec- 
tion with  light-intermitting  apparatus.  This  microscope  has, 
in  addition  to  the  features  already  described,  complete 
mechanism  for  centering  the  stages,  a  rack  and  pinion  for 
the  sub-stage  adjustment,  a  graduated  circle  on  the  stage,  a 
graduated  head  on  the  micrometer  screw,  graduations  upon 
the  pillars  for  the  angle  of  inclination  of  the  tube,  and  grad- 
uations at  the  base  for  measuring  angles  of  objectives.  A 
microscope  of  either  of  these  grades,  with  a  complement  of 
fine  objectives,  eyepieces,  and  other  necessary  accessories, 
will  yield  all  the  results  attainable  at  this  stage  of  micro- 
scopy. 

The  graduated  blue  glass  light  modifier  above  referred 
to  consists  of  a  disk  of  flashed  glass  ground  and  polished  so 
as  to  give  all  shades  between  white  and  dark  blue,  both 
transparent  and  translucent.  This  disk  is  pivoted  upon  an 
adapter  (Fig.  297),  so  that  it  may  be  turned  to  receive  any 
desired  quality  of  illumination.  It  may  be  used  in  conjunc- 
tion with  the  condenser  shown  in  Fig.  298.  This  condenser 
is  fitted  to  the  sub-stage,  and  is  provided  with  several  stops 
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and  diaphragms,  by  which  the  light  may  be  controlled. 
This  condenser  has  a  very  wide  angle,  and  is  adapted  for 
use  in  connection  with  objectives  of  all  grades ;  but  its 
efficiency  is  specially  noticeable  when  it  is  used  in  connec- 
tion with  objectives  of  high  numerical  aperture  in  the  exam- 
ination of  difficult  objects  and  the  resolution  of  tests. 

The  iris  diaphragm  shown  in  Fig.  297^  is  of  great  value 
in  ordinary  work.  As  its  name  indicates,  its  aperture  may 
be  expanded  or  contracted  to  adapt  it  to  a  particular  object. 
It  shuts  off  much  superfluous  light,  thus  saving  the  eyes  ; 
at  the  same  time  improving  definition  of  the  object. 

For  further  information  regarding  microscopes  and  their 
accessories  the  reader  is  referred  to  the  literature  of  the 
subject.     Of  this  there  is  an  ample  supply.* 

GATHERING    MICROSCOPIC   OBJECTS. 

Objects  for  microscopical  examination  are  gathered  by 
means  of  a  wide-mouthed  bottle  clamped  in  tongs  attached 
to  a  long  handle,  cane,  or  even  a  fishing  rod.  By  this 
device  mud  can  be  removed  from  the  bottom,  the  stems  and 
leaves  of  aquatic  plants  can  be  scraped  so  as  to  remove  ani- 
malcules, and  objects  can  be  readily  dipped  from  pools  and 
shallow  places.  The  under  surface  of  plants  and  of  grasses 
hanging  over  into  the  water  may  be  scraped  with  the  bot- 
tle, and  more  or  less  of  the  matter  adhering  thereto  will  be 
secured.  Occasionally  a  long  leaf  like  that  of  the  flag  may 
be  lifted  from  the  water  and  traversed  by  the  bottle  with 
good  results.  Small  twigs  and  dead  leaves  floating  in  the 
water  are  often  found  teeming  with  life.  The  thousands  of 
animalcules  and  forms  of  minute  plant  hfe  found  in  water 
will  afford  the  most  zealous  student  a  life-long  supply  of  ob- 
jects for  examination.  A  wide-mouthed  bottle  or  jar  is  pro- 
vided with  a  perforated  cork,  in  which  is  inserted  a  funnel 
for  receiving  the  material;  and  another  funnel,  inverted  and 
placed  within  the  jar  or  bottle,  with  its  nozzle  extending 

*"  The  Microscope  and  its  Revelations,"  by  Carpenter  ;  "How  to  Work 
with  a  Microscope."  Beale  ;  "How  to  See  with  a  Microscope,"  Smith;  and 
"Practical  Microscopy,"  by  George  E.  Davis,  are  among  the  excellent  works 
on  the  subject. 
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upward  through  the  stopper,  is  used  for  concentrating  the 
material.  Over  the  lower  end  of  this  funnel  is  stretched  a 
piece  of  thin  muslin,  and  to  the  upper  end  is  applied  a  short 
piece  of  rubber  pipe,  which  is  retained  in  a  curved  position 
by  a  thread  tied  around  the  neck  of  the  bottle.  The  mate- 
rial gathered  is  poured  into  the  funnel,  the  water  escapes 
through  the  strainer,  and  the  objects  are  retained  in  the  bot- 
tle,*    The  hooked  knife  shown  in  the  engraving  is  of  great 

Fig.  20C. 


Implements  for  gathering  Microscopic  Objects. 

utility  in  cutting  and  fishing  out  parts  of  aquatic  plants  and 
submerged  branches  and  roots,  which  are  often  teeming  with 
microscopic  life. 

It  would  be  futile  to  attempt  anything  more  than  the 
mere  mention  of  a  few  of  the  interesting  objects  that  may  be 
seen  to  advantage  in  a  small  microscope.  In  Fig.  300  the 
engraver  has  beautifully  shown  some  of  the  common  objects 
which  are  easily  secured,  readily  examined,  and  always 
interesting. 

*  This  device  is  due  to  Mr.  Stephen  Helm. 
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,  Seeds,  z.  Tongue  of  Fly  j.  Bee's  Wing,  4,  Deutzia  Leaf. 
6.  Entomostraca.  7.  Infusoria  Rotatoria.  8.  Foraminifera. 
and  Plates.  11.  Pollen  of  Marsh  Mallow.  12.  Plant  Hairs. 
14.  Crystals  of  Silver.     15.  Fern  Gold.     16.  Gathering  Objects. 

Various  Microscopic  Objects. 


5.  Diatoms  and  Desmids. 
g.  Spicules.  10,  Spicules 
ij.  Shepardia  Canadensis. 
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At  I  in  this  engraving  are  sliown  various  seeds ;  the 
lace-covered  one  at  the  top  being  the  seed  of  the  Ncmcsia 
compacta.  The  seed  in  the  center  is  that  of  heather.  That 
on  the  right  of  the  lace-covered  one  is  the  seed  of  the  poppy. 
The  fringed  one  below  it  is  that  of  the  climber.  At  the  bot- 
tom of  the  disk  the  seed  of  sorrel  is  shown  at  the  left,  and 
portulacca  at  the  right.  The  remaining  seed  at  the  left  is 
that  of  eucharidium. 

No.  2  represents  the  proboscis  of  the  blowfly  as  it 
appears  m  the  field  of  the  microscope,  except  that  the 
intricate  structure  of  the  pseudo-trachea  is  not  shown  in 
the  cut  as  it  appears  in  the  microscope. 

No.  3  shows  the  doubling  hooks  of  a  bee's  wing,  which 
enable  the  insect  to  connect  the  wings  of  each  pair  so  that 
they  may  be  used  as  a  single  wing. 

No.  4  shows  the  silicious  stellate  hairs  on  the  back  of  a 
deutzia  leaf.  The  upper  half  of  5  shows  several  forms  of 
diatoms,  and  the  lower  half  is  filled  with  desmids. 

In  6  branchipus  is  shown  at  the  top,  cyclops  at  the  left, 
a  young  cyclops  at  the  bottom,  and  daphnia  or  the  water 
flea  at  the  right.  These  are  common  in  almost  every 
pond. 

In  disk  7  are  shown  on  the  left  the  stentor,  so  named  on 
account  of  its  trumpet-like  form  ;  in  the  center  the  beautiful 
and  sensitive  vorticella,  and  upon  the  right  of  the  vorticella 
common  rotifer,  and  upon  the  extreme  right  the  sheathed 
trumpet  animalcule.  All  of  these  have  cilia  around  their 
margins,  which  by  their  peculiar  vibrator};-  motion  give  the 
bell-shaped  mouths  the  appearance  of  rotation.  In  the  com- 
mon rotifer,  and  in  the  animals  shown  in  disk  6,  the  internal 
organs  may  be  readily  seen  in  operation. 

In  the  upper  part  of  disk  7  are  shown  a  few  of  the  hun- 
dreds of  forms  of  life  found  in  water  in  which  animal  or 
vegetable  matter  has  been  infused. 

In  disk  8  arc  represented  a  number  of  the  exquisite  little 
shells  of  foraminifera.  At  9  are  shown  various  spicules  of 
sponges,  sea  urchins,  etc.  At  10  are  shown  sponge  spicules 
and  the  anchor  of  5j'«rt/»/rt'  inJicrcns ;  11  shows  the  pollen  of 
marshmallow,  and  12    and    13   are  examples  of  plant  hairs; 
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14  shows  arborescent  crystals  of  silver,  and  15  the   ferii-like 
crystals  of  gold.* 

TRANSFER   OF  OBJECTS   TO   SLIDE. 

The  objects  are  transferred  from   the  bottle  to  the  con- 
cavity of  the  slide  for  examination  in  the  manner  shown   in 

Fig    301. 


Transferring  Objects  to  the  Slide. 


Fig.  301.  The  drop  tube,  which  has  a  funnel-shaped  top,  is 
stopped  by  the  finger  at  the  upper  end,  while  its  lower  end 
is  inserted  in  the  water  in  the  bottle  above  the  matter  to  be 
removed.      The   finger  is    then  removed    and   some  of  the 


Fig.  302 


Compressor. 

water,  together  with  the  objects  carried  by  it,  rushes 
upward  into  the  tube.  While  the  lower  end  is  still  in  the 
water,  the  finger  is  again  placed  on  the  tube  and  this  is 
withdrawn  from  the  bottle  and  held  over  the   ca\'ity  of  the 

*  The  following  books  are  recommended  to  the  beginner  in  microscopv; 
Wood's  "Common  Objects  for  the  Microscope  ;"  "One  Thousand  Objects 
for  the  Microscope,"  by  M.  C.  Cooke  ;  "  Eveninsjs  at  the  Microscope,"  by 
Gosse  ;  and  "Practical  Microscopy,"  by  George  E    Davis, 


292  EXPERIMENTAL    SCIENCE. 

slide,  as  shown  in  the  engraving,  when  a  drop  or  so  of  the 
water  is  forced  out  b}'  pressing  down  the  end  of  the  finger 
on  the  top  of  the  tube  ;  the  soft  end  of  the  finger  acting  as  a 
sort  of  diaphragm  in  forcing  out  the  required  amount  of 
water.  Care  must  be  taken  to  avoid  getting  solid  matter 
upon  the  slide  around  the  edge  of  the  cavity,  as  it  will  pre- 
vent the  cover  glass  from  seating  itself  properly.  The 
cover  glass  is  placed  over  the  cavity  and  pressed  down 
lightly  to  squeeze  out  the  surplus  water,  when  the  slide  may 
be  inserted  under  the  clips  of  the  stage  and  examined. 

A  more  convenient  device  for  holding  animalcules  is 
represented  in  Fig.  302.  It  is  known  as  the  compressor, 
and  serves  to  lightly  hold  any  object  placed  between  the 
glass  in  the  oblong  plate  and  the  glass  in  the  adjustable  arm. 
In  any  position  it  retains  a  drop  of  water. 

To  confine  living  objects  to  the  field  of  vision,  it  is  com- 
mon to  place  between  the  glasses  of  the  compressor  a  few 
fibers  of  cotton  or  a  piece  of  fine  lace. 

MICROSCOPIC     EXAMINATION     OF     CILIATED     ORGANISMS     BY 
INTERMITTENT     LIGHT. 

Every  observing  person  has  noticed  that  moving  objects 
appear  stationary'  when  viewed  by  a  flash  of  light ;  examples 
of  this  are  seen  during  every  thunder  storm  occurring  in  the 
night.  The  wheels  of  a  carriage,  a  moving  animal,  or  any 
moving  thing,  seen  by  the  light  of  the  lightning,  appears 
perfectl}'  stationary,  the  duration  of  the  light  being  so  brief 
as  to  admit  of  only  an  inappreciable  movement  of  the  body 
while  illumination  lasts. 

If  by  any  means  a  regular  succession  of  light  flashes  be 
produced,  the  moving  body  ■  -^ill  be  seen  in  as  many  different 
positions  as  there  are  flashes  of  light.  If  a  body  rotating 
rapidl}'  on  a  fixed  axis  be  viewed  by  light  flashes  occurring 
once  during  each  revolution  of  the  body,  only  one  image 
will  be  observed,  and  this  will  result  from  a  succession  of 
impressions  upon  the  retina,  which  by  the  persistence  of 
vision  become  blended  into  one  continuous  imaafc.  In  this 
case  no  movement  of  the  body  will  be  apparent,  but  if  the 
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flashes  of  light  succeed  each  other  ever  so  little  slower  than 
the  rotar}'  period  of  the  revolving  body,  the  body  will 
appear  to  move  slowl}'  forward,  while  in  reality  it  is  mov- 
ing rapidly ;  and  should  the  light  flashes  succeed  each  other 
more  rapidly  than  the  revolutions  of  the  revolving  body, 
the  body  will  appear  to  move  slowlj^  backward,  or  in  a 
direction  opposite  to  that  in  which  it  is  really  turning. 

These  curious  effects  are  also  produced  when  the  num- 
ber of  the  light  flashes  is  a  multiple  of  the  number  of  revo- 
lutions, or  vice  versa. 

The  combined  effect  of  interrupted  illumination  and  per- 
sistence of  vision  may  be  practicall}-  utilized  for  examining 
objects  under  motion  which  could  not  otherwise  be  satis- 

FiG.  303 


Light  Interrupter  for  the  Microscope. 

factorily  studied.  To  apply  intermittent  light  to  the  micro- 
scopical examination  of  ciliated  organisms,  the  writer  has 
devised  the  electrically  rotated  apertured  disk  shown  in 
Fig.  303,  which  is  arranged  to  interrupt  the  beam  of  light 
employed  in  illuminating  the  object  to  be  examined. 

The  instrument  consists  of  an  electric  motor  of  the  sim- 
plest kind  mounted  on  a  plate  having  a  collar  fitted  to  the 
sub-stage  of  the  microscope,  as  shown  in  Fig.  304.  The  shaft, 
which  carries  a  simple  bar  armature  before  the  poles  of  the 
magnet,  also  carries  vipon  its  upper  extremity  a  disk  having 
two  or  four  apertures,  which  coincide  with  the  apertures 
of  the  stage  and  sub-stage  two  or  four  times  during  the  rev- 
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Microscopic  Examination  of  Ciliated  Organisms  by  Intermittent  Light. 
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olutions  of  the  disk.  The  shaft  carries  a  commutator,  and 
the  course  of  the  current  from  the  battery  through  the 
instrument  is  through  the  spring  touching  the  commutator, 
through  the  shaft  and  frame  of  the  instrument  to  the 
magnet,  thence  out  and  back  to  the  batter)'.  There  are  two 
methods  by  which  the  speed  of  rotation  of  the  apertured 
disk  may  be  varied  ;  one  is  by  plunging  the  elements  of  the 
battery  more  or  less,  and  the  other  is  by  applying  the 
finger  to  the  shaft  of  the  motor  as  a  brake,  the  motor  in 
the  latter  case  being  started  at  its  maximum  speed,  and 
then  slowed  down  to  the  required  degree  by  the  friction 
of  the  finger. 

Experiment  shows  that  the  period  of  darkness  should 
be  to  the  period  of  illumination  about  as  three  to  one 
for  the  best  effects.  Closing  two  diametrically  opposite 
holes  in  the  disk  represented  in  the  cut  secures  about  the 
correct  proportion. 

Various  rotifers  examined  by  intermittent  light  showed 
the  cilia  perfectly  stationary.  The  ciliary  filaments  of  some 
of  the  infusoria,  vorticella,  and  the  stentor,  for  example, 
when  viewed  by  intermittent  light,  appeared  to  stand  still, 
and  their  length  seemed  much  greater  than  when  examined 
by  continuous  light.  The  interrupted  light  brings  out  not 
only  the  cilia  around  the  oral  aperture,  but  shows  to  good 
advantage  the  cilia  disposed  along  the  margin  of  the 
body. 

What  interrupted  light  may  reveal  in  the  examination  of 
flagellate  or  ciliated  plants  the  writer  is  unable  to  sa}',  as  no 
objects  of  this  character  have  been  available.  It  is  presum- 
able, however,  that  something  interesting  will  result  from 
the  examination  of  volvox  and  other  motile  plants,  by  means 
of  this  kind  of  illumination.  Although  it  is  necessar)'  to 
interrupt  the  beam  of  light  regularly,  for  continuous  observ- 
ation, the  effect  of  intermittent  light  may  be  exhibited  to 
some  extent  by  an  apertured  disk,  like  that  above  described, 
twirled  by  the  thumb  and  finger  or  revolved  like  a  top  by 
means  of  a  string ;  or  by  using  a  larger  apertured  disk 
fitted  to  a  rotator,  and  placed  between  the  source  of  light 
and  the  mirror  of  the  microscope. 
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CIRCULATION   IN   ANIMAL   AND   VEGETABLE    TISSUES. 

Among  vegetable  organisms  in  which  the  circulation  of 
the  sap  is  visible,  the  nitella  is  prominent.  So,  also,  is  the 
beautiful  desmid  colosterium. 

Fig.  305. 


Simple  Frog  Plate. 

Among  animal  organisms,  the  daphnia,  or  water  flea,  is 
extremel}^  interesting,  the  minute  heart  being  made  clearly 
visible  by  the  transparency  of  the  shell  of  this  little  creature. 

Fig.  306. 


Kent's  Trough  for  showing  the  Circulation  of  Blocd  in  a  Fish's  Tail. 

The  circulation  of  blood  in  a  frog's  foot  may  be  shown  by 
stretching  the  foot  so  as  to  distend  the  web,  as  shown  in 
Fig.  305.     One  form  of  apparatus  consists  of  a  thin,  aper- 
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tured  piece  of  wood,  provided  with  a  glass  slide  upon  which 
to  rest  the  frog's  foot.  A  piece  of  cork  has  been  used  for 
this  purpose  without  the  glass  slide. 

The  slice  of  cork  has  a  hole  near  one  end  corresponding 
with  the  hole  in  the  stage  of  the  microscope.  The  frog  is 
wrapped  in  a  wet  cloth  and  held  in  place  upon  the  cork  by 
means  of  a  small  rubber  band  (Fig.  305).  One  of  the  frog's 
legs  is  extended.  To  two  or  three  of  the  toes  are  attached 
threads  which  are  held  under  tension  by  ordinary  pins  stuck 
into  the  cork.  The  foot  is  moistened  to  render  the  web 
more  transparent,  and  the  circulation  is  observed  with  a 
three-fovirth  or  one  inch  objective. 

The  circulation  of  blood  in  the  tail  of  a  gold  fish  requires 
more  complicated  apparatus.  It  consists  of  a  metallic  tank 
provided  with  a  thin  extension,  having  in  its  upper  and 
lower  sides  glass  windows,  formed  of  cover  glasses  set  in 
recesses  and  secured  by  marine  glue.  The  fish  is  wrapped 
in  a  strip  of  thin  muslin,  as  shown  at  3,  to  deprive  it  of  the 
use  of  its  fins,  and  laid  upon  its  side  in  the  tank,  as  shown  at 
2,  in  Fig.  306,  with  its  tail  between  two  windows,  allowing 
the  light  to  pass  upward  through  the  tissues  from  the  mirror 
of  the  instrument.  The  tank  is  filled  with  water,  and  to  pre- 
vent the  fish  from  jumping,  small  wooden  cross  bars  are 
placed  in  different  positions  in  the  tank.  Arranged  in  this 
way,  the  fish  may  be  observed  for  about  twenty  minutes. 
The  blood  is  seen  flowing  in  crimson  streams  in  various 
directions  through  the  tissues  of  the  tail,  the  corpuscles 
being  distinctly  visible.  A  one-inch  or  three-quarter  inch 
objective  is  ample  for  this  purpose. 

The  blood  of  the  frog  is  white,  and  the  corpuscles  are 
larger  than  those  of  the  fish.  As  compared  with  the  cor- 
puscles of  human  blood,  those  of  the  fish  are  larger. 

QUICK    METHODS   OF    MOUNTING   DRY    OBJECTS. 

There  is  a  certain  class  of  microscopic  objects  that  need 
little  or  no  preparation  for  mounting,  and  require  no  pro- 
tection beyond  a  well  secured  glass  cover.  Many  of  these 
objects  are  interesting  and  in  some  degree  valuable ;  but  the 
microscopist   considers  them   hardly   worth  the  trouble   of 
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mounting.  For  such  objects  the  method  shown  in  the 
annexed  engraving  (Fig.  307)  is  of  great  utihty,  as  it  permits 
of  inclosing  the  object  quickly,  completely-,  permanentl}', 
and  in  a  presentable  form,  and  while  it  seems  especially 
adapted  to  such  objects  as  are  common  and  liable  to  remain 
unmounted,  it  is,  of  course,  applicable  to  almost  any  dry 
object. 

To  carrv  out  this  method,  only  two  articles,  in  addition 

Fig.  307. 


Quick  Method  of  mounting  Microscopic  Objects. 


to  those  usually  possessed  by  microscopists,  are  required ; 
one  being  the  ring  with  an  internal  flange  at  the  top  and  an 
external  flange  at  the  bottom,  the  other  a  heating  tool,  con- 
sisting of  a  ring  of  brass  attached  to  a  suitable  handle. 

The  rings,  of  which  the  walls  of  the  cells  are  formed,  are 
spun  or  stamped  from  disks  of  Britannia  metal,  sheet  brass, 
or  other  sheet  metal,  with  a  narrow  internal  flange  or  fillet 
at  the  top  for  receiving  the  cover  glass,  and  a  wider  external 
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flange  at  the  bottom,  for  attachment  to  the  slide.  The  rings 
vary  in  depth  according  to  the  depth  of  cell  required.  The 
under  surface  of  each  ring  is  coated  with  thick  shellac  var- 
nish and  allowed  to  dry  thoroughly.  When  the  varnish  is 
dry  and  hard,  a  clean  cover  glass  is  dropped  into  each  ring, 
and  the  ring  is  placed  bottom  upward  on  the  warming 
stand  and  heated  until  the  shellac  melts  and  thoroughly  cov- 
ers the  edge  of  the  cover  glass.  The  ring  is  now  allowed 
to  cool,  when  the  cover  will  be  ready  for  use.  It  will,  of 
course,  be  understood  that  a  quantity  of  rings  and  covers  are 
thus  prepared  and  held  in  reserve.  In  fact,  it  is  to  be  hoped 
that  the  manufacturers  of  microscopists'  supplies  will  fur- 
nish the  rings  and  covers  thus  prepared,  ready  for  instant 
use. 

The  object  to  be  protected  is  attached  to  the  slide  by 
means  of  cement,  in  the  usual  way. 

A   ring   containing  a  glass   cover  is   arranged  over  the 

Fig.  308. 


Sectional  View  of  the  Slide  and  Heating  Tool. 

object,  and  the  heating  tool  is  warmed  and  placed  upon  the 
outer  flange  of  the  ring,  as  shown  in  the  sectional  view,  Fig. 
308.  By  this  means  sufficient  heat  is  imparted  to  the  ring 
to  melt  the  shellac  upon  that  portion  touched  by  the  heat- 
ing tool,  and  cause  it  to  attach  itself  to  the  glass  slide.  It  is 
the  work  of  an  instant  to  cover  an  object  in  this  way,  and 
the  slide  needs  no  further  finish  ;  but  the  operator  may,  if  he 
choose,  lacquer  the  rings  to  prevent  them  from  tarnishing. 

A  thin  ring  provided  with  the  coating  of  shellac  may  be 
applied  to  an  ordinary  balsam  mount  to  increase  its  security. 

By  applying  to  the  ring  a  suitable  cement,  a  liquid  cell 
may  be  made.  The  object  to  be  mounted  in  the  liquid  cell 
is  wet  with  the  liquid  and  placed  on  the  slide.  The  ring  is 
then  secured  in  the  manner  above  described,  and  the  liquid 
is  afterward  introduced  into  the  cell  through  an  aperture 
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previousl)'  made  in  the  side  of  the  ring.  This  aperture  is 
stopped  with  cement,  applied  with  a  hot  wire  or  needle. 

Dr.  Stiles'  wax  cell  is  simple  in  construction,  beautiful 
in  appearance,  and  verj^  effective  for  dr}'  objects. 

Sheet  wax,  such  as  is  used  by  the  makers  of  artificial  flow- 
ers, is  the  material  emplo3'ed  in  the  construction  of  this  cell. 
Three  or  four  sheets  of  differeiit  colors  are  pressed  together 
b}'  the  thumb  and  finger  to  cause  them  to  adhere,  and  a 
square  of  the  combined  sheet  thus  formed  of  sufficient  size 
for  a  cell  is  cut  out  and  pressed  upon  a  glass  slide.     The 

Fig.  309. 


^N>^>^^ 


Making  Ihe  Wax  Cell. 


slide  is  then  placed  upon  a  turn  table,  as  shown  at  3,  Fig. 
309,  when,  by  the  dextrous  manipulation  of  an  ordinar}' 
penknife,  the  wax  is  cut  into  a  circular  form,  and  the  cen- 
ter is  cut  out  to  the  required  depth.  If  the  cell  is  to  con- 
tain a  transparent  or  translucent  object,  the  entire  central 
portion  of  the  wax  is  removed,  as  shown  at  2  ;  but  if  a 
ground  is  required  for  the  object,  one  or  more  layers  of 
wax  are  allowed  to  remain.  A  portion  of  the  upper  layer 
of  wax  is  removed  to  form  a  rim  for  the  reception  of  the 
cover  glass.     Where  a  black  ground  is  required,  a  small 
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disk  of  black  paper  is  pressed  upon  the  lower  layer  of  wax. 
The  final  finish  is  given  to  the  cell  by  a  coating  of  shellac 
varnish,  applied  while  the  slide  is  on  the  turn  table.  These 
cells  are  very  quickly  made  and  have  the  finished  appear- 
ance of  a  cell  formed  of  different  colored  cements. 

MICROSCOPICAL     EXAMINATION      OF     THE     PHENOMENON    OF 
COLORS    OF   THIN   PLATES. 

As  all  works  on  light  and  on  general  physics  treat  of  the 
phenomenon  of  the  interference  of  light  as  exhibited  in  thin 
transparent  plates  or  films,  it  will  be  unnecessary  to  go  into 
an  examination  of  this  subject  in  detail ;  but  it  will  doubt- 
less prove  both  interesting  and  profitable  to  those  interested 
in  microscopy  to  take  up  the  study  of  this  subject  with  the 
aid  of  the  microscope. 

There  is  nothing  more  beautiful  than  Newton's  rings,  or 
a  soap  film,  or  extremely  thin  plates  of  mica  when  viewed 
in  a  microscope  by  properly  directed  light.  Even  the  gor- 
geous colors  of  polarized  light  cannot  be  excluded  in  this 
comparison ;  but  it  is  difficult  with  ordinary  appliances  to 
see  these  exquisite  tints. 

The  writer,  after  some  experiment,  devised  mounts  for 
the  ready  exhibition  of  Newton's  rings  and  interference 
phenomena,  as  shown  by  the  soap  film. 

The  device  for  the  exhibition  of  Newton's  rings  is  shown 
in  Fig.  310,  I  showing  the  position  of  the  mount  on  the 
microscope  stage,  2  being  a  perspective  view  of  the  slide, 
and  3  a  diametrical  section  of  the  rubber  cell  containing  the 
plane  and  convex  glasses.  The  plane  glass  is  a  disk  cut 
from  one  of  the  finer  kind  of  glass  sHps,  commonly  used  in 
mounting  objects.  The  convex  disk  is  cut  from  an  ordinary 
biconvex  spectacle  lens,  having  a  focal  length  of  24  inches. 
The  cell  is  screw-threaded  internally,  and  provided  with  a 
screw-threaded  ring,  which  clamps  the  two  glasses  together. 
It  has,  in  diametrically  opposite  sides,  cavities  for  receiving 
the  ends  of  the  wire  frame,  which  is  clamped  to  the  face  of 
the  slide  by  a  clip  and  two  screws.  The  cell  containing  the 
glasses  is  in  this  way  supported  adjustably  so  that  it  can  be 
raised  or  lowered,  or  tilted  at  any  required  angle. 
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The  position  of  the  cell  relative  to  the  source  of  light  is 
shown  at  i.  The  cell  and  the  source  of  light  or  the  mirror 
should  be  arranged  so  that  the  image  of  the  flame  used  for 
illumination  or  the  broad  light  of  the  sky  will  be  reflected 
up  the  tube.  The  objective  (a  2  inch,  with  2  inch  e3-epiece) 
may  now  be  focused,  when  the  rings,  which  about  fill  the 
field,  will  appear  with  great  brilliancy.     The  effect  may  be 

Fig.  310. 


Mount  of  Newton's  Rings  for  the  Microscope. 


somewhat  varied  by  turning  the  cell  at  different  angles,  and 
moving  the  source  of  light  accordingly.  The  concave 
mirror  is  used  to  concentrate  the  light ;  but,  of  course,  a 
condenser  may  be  used  instead,  or,  if  the  Hght  is  strong 
enough,  the  beam  ma)^  be  received  directly  on  the  glass  of 
the  cell,  and  thrown  up  the  tube. 

With  the  unaided  eye  the  rings  appear  as  a  ver)^  small 
disk,  with  no  very  noticeable  beauty ;  but  in  the  micro- 
scope it  is  not  only  greatly  magnified,  but  properly  illumi- 
nated. 
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An  interesting  experiment,  showing  the  difference 
between  the  effect  of  pure  sunlight  and  artificial  light, 
consists  in  adjusting  the  mirror  so  as  to  simultaneously  re- 
ceive light  from  the  sk}'  and  from  a  lamp  or  gas  light.  The 
portion  of  the  disk  illuminated  by  the  lamp  light  shows  the 
predominance  of  yellow,  a  greenish  hue  taking  the  place  of 
the  blue  ;  the  red  being  also  modified. 

Monochromatic  light,  such  as  is  secured  by  passing  light 

Fig.  311. 


Holder  for  Soap  Film. 

through  a  deep  red  glass,  for  example,  shows  the  rings  as 
alternately  red  and  black. 

The  device  for  exhibiting  the  soap  film,  which  is  shown 
in  Fig.  311,  will  now  need  little  explanation.  A  ring  is 
pivoted  in  the  same  manner  as  the  cell  alread)'  described. 
By  dipping  the  finger  in  soapy  water,  and  passing  it  over 
the  ring,  a  film  will  remain  in  the  ring,  which  may  be  viewed 

Fig.  312 


Mount  of  Mica  Plates. 

in  the  same  manner  as  Newton's  rings.     The  bands  of  iride- 
scent color  are  very  brilliant. 

Thin  plates  of  mica  exhibit  the  same  phenomenon.  By 
tearing  a  very  thin  plate  of  mica,  so  as  to  leave  a  ragged 
edge,  many  extrenr.ely  thin  jjoints  will  remain  projecting 
from  the  torn  edges ;  these  may  be  cut  off,  and  cemented  in 
a  suitable  position  for  observation.  These  httle  points  are 
quite  difficult  to  handle.  Probably  the  easiest  way  to  man- 
age them  is  to  cut  the  piece  of  mica  down  quite  small,  and 
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then  take  the  bright  point  in  a  pair  of  clean  forceps,  and  cut 
the  larger  part  off,  then  touch  the  edge  of  the  bright  piece 
with  Canada  balsam,  and  put  it  in  position  on  the  slide. 
These  little  plates  of  mica  are  viewed  in  the  same  manner 
as  the  Newton's  rings. 

It  is  perhaps  hardly  necessary  to  say  that  having  pre- 
pared a  good  mount  of  the  mica  plates,  it  is  advisable  to 
inclose  it  under  a  cover,  as  soon  as  convenient,  to  exclude 
dust. 

MICROSCOPIC    OBSERVATION   OF  VIBRATING   RODS. 

A  metal  rod  fixed  in  a  vise  at  one  end,  with  a  silvered 
glass  bead  attached  to  the  other  end,  constitutes  Sir  Charles 

Fig.  313. 


Vibrating  Rod  mounted  for  Microscopic  Observation. 

Wheatstone's  apparatus  for  the  study  of  the  transverse 
vibrations  of  rods. 

By  vibrating  a  rod  arranged  in  this  way,  Wheatstone 
was  enabled  to  obtain  an  almost  infinite  variety  of  symme- 
trical and  beautiful  luminous  scrolls. 

It  is  a  simple  matter  to  repeat  Wheatstone's  experiment 
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with  the  apparatus  alluded  to,  but  it  is  not  always  conve- 
nient to  do  it. 

A  vibrating  rod  permanently  mounted  in  a  cell  and 
arranged  for  observation  with  a  microscope  is  shown  in 
Fig-  3'3>  I  representing  the  mount  in  perspective,  2  showing 
it  in  section,  3  showing  the  rods  detached  from  the  mount. 

To  an  ordinary  3x1  inch  glass  slip  is  connected  a  paper 
tube  jV  inch  internal  diameter  and  1%  inches  long,  well 
blackened  on  the  inside. 

The  cement  is  applied  carefully,  so  as  to  have  the  glass 
clean  and  clear  with  the  tube.  To  a  cork  fitted  to  the  open 
end  of  the  tube  is  cemented  a  wire  spiral  formed  of  about  4 
in.  of  No.  40  spring  brass  wire.  The  diameter  of  the  spiral  is 
-^2  inch.  The  end  of  the  spiral  next  the  glass  slip  terminates 
in  a  straight  arm  ^  in.  long,  upon  the  end  of  which  there  is 


Fig.  314. 


Curves  traced  by  Vibrating  Rod. 


a  minute  bead  of  black  glass.  A  smooth  bead  is  secured  by 
first  fusing  borax  on  the  end  of  the  wire,  then  touching  the 
borax  while  in  a  ftised  state  with  a  thin  thread  of  black 
glass,  then  breaking  the  thread  a  short  distance  from  the 
end  of  the  wire,  and  finally  fusing  it  by  gradually  pushing 
it  forward  into  the  flame  until  a  perfect  bead  of  the  required 
size  is  formed. 

The  cork  with  the  spiral  is  inserted  in  the  paper  tube 
with  the  bead  arranged  centrally  with  reference  to  the  tube, 
and  only  a  very  short  distance  below  the  glass. 

By  placing  the  mount  thus  prepared  under  a  i  in.  or  2 
in.  objective,  and  allowing  light  to  fall  on  the  bead  from  one 
direction,  it  will  be  noticed  that  the  black  glass  bead  is  rarely 
at  rest,  the  bright  pencil  of  light  reflected  from  it  continu- 
ally describing  curves  of  various  forms.  Stepping  on  the 
floor  of  the  room  in  which  the  microscope  is  located  is  gen- 
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erally  sufficient  to  set  the  spiral  into  active  vibration.  Rap- 
ping on  the  table  on  which  the  microscope  rests  will  cause 
the  bead  to  describe  intricate  curves. 

By  striking  the  side  of  the  paper  tube  with  more  or  less 
force,  different  figures  will  be  produced. 

Illuminating  the  bead  from  two  points  produces  parallel 
curves. 

While  this  mount  is  perhaps  not  strictly  a  microscopic 
object,  it  may  nevertheless  be  viewed  to  advantage  by  the 
microscope. 

SIMPLE   POLARISCOPE   FOR  THE   MICROSCOPE. 

To  the  draw  tube  of  the  microscope  is  fitted  a  paper 
tube,  which  is  readily  made  by  gumming  writing  paper  and 
winding  it  around  a  cylindrical  stick  of  the  proper  size.  To 
the  paper  tube  is  fitted  a  second  tube,  and  this  last  tube  is 
cut  diagonally  through  the  center  at  an  angle  of  35°  25'. 
One  of  these  pieces  is  inserted  in  the  first  tube,  and  sixteen 
or  eighteen  elliptical  glass  covers,  such  as  are  used  for  cov- 
ering mounted  microscopic  objects,  are  placed  on  the  diago- 
nally cut  end  of  the  inner  tube. 

The  glasses  should  be  thoroughly  cleaned,  and  when  in 
position  in  the  tube  they  are  held  by  the  remainder  of  the 
diagonally  cut  tube.  The  sectional  view  of  the  instrument 
clearly  shows  the  position  of  these  glasses  in  the  draw  tube. 

The  tube  which  goes  under  the  stage  is  made  in  pre- 
cisely the  same  way,  and  is  supported  in  position  for  use  by 
a  short  paper  tube  secured  to  a  cardboard  casing  adapted 
to  slide  over  the  stage  of  the  microscope,  as  shown  in  the 
engraving.  Notches  are  formed  in  the  rear  edge  of  the 
upper  part  of  the  casing  to  allow  it  to  slip  by  the  slide-hold- 
ing clips.  The  lower  tube  must  be  capable  of  turning  in  the 
short  fixed  tube,  and  it  may  be  prevented  from  falling  out 
by  gluing  a  cardboard  band  or  a  piece  of  small  cord  around 
its  upper  end,  forming  a  sort  of  flange.  The  hole  in  the 
upper  part  of  the  casing  is  made  larger  than  the  movable 
tube,  to  admit  of  inserting  the  tube  from  the  top  of  the  casing. 
The  part  of  the  attachment  below  the  stage  is  the  polarizer. 
The  part  in  the  draw  tube  is  the  analyzer. 
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By  turning  the  polarizer,  the  light  being  thrown  directly 
up  the  tube  by  the  mirror,  the  field  of  the  microscope  will 
appear  alternately  Hght  and  dark,  showing  the  partial  extin- 
guishment of  the  polarized  beam  twice  during  each  revolu- 
tion of  the  polarizer. 

When  the  field  is  darkest,  a  piece  of  mica  of  the  proper 
thickness  inserted  between  the  stage  and  objective  renders 

Fig.  315. 


Simple  Polariscope  for  the  Microscope. 


the  field  light,  and  it  may,  in  addition  to  this,  produce  a 
color  effect.  The  colors  depend  on  the  thickness  of  the 
film  and  upon  its  position  in  the  instrument. 

There  are  various  chemical  salts  and  animal  and  vegeta- 
ble substances  which  produce  brilliant  color  effects  in  the 
polarized  beam.  Salicine  is  a  favorite.  Santonine  is  good. 
Tartaric  acid,  boracic  acid,  and  cane  sugar  are  easily  pre- 
pared by  allowing  their  solutions  to  crystallize  on  the  glass 
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slip.  Some  ot  these  substances,  salicine  for  example,  may 
be  fused  upon  the  slip  and  recrystallized. 

The  colors  may  be  heightened  by  placing  a  film  of  mica 
behind  the  object  during  examination.  Different  colors  will 
be  produced  b}"  different  thicknesses  of  mica. 

Among  animal  substances  to  be  examined  in  this  wa}-  are 
fish  scales,  parings  of  the  finger  nails  and  of  horses'  hoofs, 
parings  of  corns  and  of  horn. 

Among  vegetable  substances,  the  sections  of  some  woods, 
the  cuticle  of  plants,  the  rush  for  example,  form  good  polari- 
scopic  objects. 

Manj^  minerals  show  well  in  polarized  light,  but  they  are 
generally  difficult  of  preparation.  Selenite  is  an  exception. 
It  ma}'  be  readily  reduced  to  the  proper  thickness  to  secure 
brilliant  effects. 

The  polariscope  above  described,  although  not  as  desira- 
ble as  one  provided  with  a  pair  of  Nicol  prisms,  is  neverthe- 
loss  worth  having,  and  will  give  its  possessor  a  great  deal  of 
satisfaction. 


THE    TELESCOPE,  309 


'  CHAPTER  XIV. 

THE     TELESCOPE. 

Some  hints  are  here  given  as  to  the  construction  of  a 
cheap  and  efficient  telescope  which  will  give  its  possessor  a 
great  deal  of  enjoyment,  and  will  serve  to  stimulate  astro- 
nomical observation  and  research. 

Plate  IV.  represents  the  telescope,  its  standard,  and  the 
various  parts  in  section  and  in  detail.  The  object  glass,  A, 
shown  in  the  engraving,  is  a  meniscus  lens  2^  inches  in  dia- 
meter and  36  to  38  inch  focus.  It  is  mounted  in  a  wooden 
cell,  B,  having  an  internal  flange  or  fillet  about  yV  inch 
wide,  forming  a  true  support  for  the  lens  and  bearing 
against  the  end  of  the  paper  tube,  D,  which  forms  the  body 
of  the  telescope.  The  lens  is  retained  in  its  cell  by  a  flat 
strip,  E,  of  brass  which  is  sprung  into  the  cell  and  pushed 
down  against  the  lens.  The  cell  is  fastened  to  the  tube  by 
common  wood-screws,  which  pass  through  the  collar  into 
the  paper  forming  the  tube.  It  is  perhaps  needless  to  say 
that  the  cell  should  be  made  of  some  thoroughly  seasoned 
hard  wood,  which  is  not  liable  to  change  under  atmospheric 
influences.  Hard  maple  answers  a  good  purpose,  but 
mahogany  is  preferable. 

To  protect  the  objective  when  not  in  use,  a  cap,  F,  of  tin 
or  pasteboard,  neatly  covered  with  morocco  or  velvet,  is 
fitted  to  the  cell. 

The  paper  tube,  of  which  the  telescope  body  is  formed, 
is  such  as  is  commonly  used  for  rolling  engravings  for  mail- 
ing. It  is  3  inches  external  diameter  and  32  inches  long 
(about  4  inches  shorter  than  the  focal  length  of  the  objective). 
The  exterior  of  the  tube  is  covered  with  Java  canvas 
attached  by  means  of  bookbinder's  paste  (flour  paste  with 
glue  added),  and  varnished  when  dry  with  two  or  three 
thin  coats  of  shellac  varnish.  This  gives  the  tube  an  ele- 
gant and  durable  finish. 
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Easily  Made  Telescope. 
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The  focusing  tube,  G,  which  is  of  brass,  i^  inches  inter- 
nal diameter  and  1 1  inches  long,  is  guided  by  a  turned 
wooden  piece,  H,  fitted  to  the  end  of  the  pasteboard  tube, 
D,  and  held  by  three  or  four  ordinary  round-headed  wood- 
screws. 

The  piece,  H,  has  a  shoulder,  a,  against  which  the  end  of 
the  pasteboard  tube  abuts,  and  only  about  three-quarters  of 
an  inch  of  the  piece,  H,  actually  fits  the  tube,  the  portion 
from  b  to  c  being  tapered  as  indicated  in  the  engraving,  and 
near  the  extreme  inner  end,  about  3^  inches  from  the  shoul- 
der, there  are  three  screws,  d,  used  in  collimating  the  focus- 
ing tube,  G. 

The  bore  of  the  piece,  H,  is  somewhat  larger  than  the 
focusing  tube,  G,  and  is  provided  with  a  cloth  lining,  c,  at 
each  end  to  insure  the  smooth  working  of  the  tube. 

A  short  distance  from  the  shoulder,  a,  a  mortise  about 
three-quarters  of  an  inch  square  is  made  through  the  side  of 
the  tube,  D,  and  the  piece,  H,  and  a  transverse  slot, /,  is 
formed  to  receive  the  wooden  spindle,  I,  which  is  enlarged 
in  the  middle  to  receive  the  rubber  thimble,  J,  and  has  on 
one  end  a  milled  head  by  which  it  may  be  turned.  The 
spindle,  I,  is  held  in  place  by  concave  pieces,  g,  which  in 
turn  are  retained  by  the  curved  plate,  k,  attached  to  the  tube, 
D,  by  screws.  The  rubber  thimble,  J,  is  of  sufficient  diameter 
to  reach  to  and  press  upon  the  focusing  tube,  and  the  latter 
has  a  series  of  transverse  grooves  filed  in  it  to  insure  suffi- 
cient friction  to  move  the  tube,  G,  in  and  out  when  the 
spindle,  I,  is  turned.  This  simple  device  ma}'  be  used 
instead  of  the  usual  focusing  mechanism,  but  a  rack  and  pin- 
ion is  preferable. 

The  cell,  B,  piece,  H,  and  spindle,  I,  are  blacked  and  pol- 
ished on  the  outside,  and  the  cell  is  left  dead  black  on  the 
inside.  The  interior  of  the  tubes  is  also  made  dead  black. 
Such  a  surface  may  be  secured  by  adding  lampblack  to  a 
little  very  thin  shellac  varnish,  and  applying  it  to  the  inside 
of  the  tube  by  means  of  a  swab. 

The  focal  lengths  of  the  lenses  of  the  astronomical  eye- 
piece should  be  to  each  other  as  three  to  one ;  the  field  lens, 
which  is  nearest  the  object  glass,  having  the  greatest  diame- 
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ter  and  the  longest  focus,  and  the  convex  side  of  each  lens 
should  be  turned  toward  the  object  glass.  Their  distance 
apart  is  one-half  the  sum  of  their  focal  lengths.  These 
lenses  are  mounted  in  a  wooden  cell,  L,  whose  exterior  is 
fitted  to  the  focusing  tube,  G,  and  grooved 

-^^j-— -J. -— ^        circumferentially    to    receive    a    strip    of 

T^x^^^^^F^  cloth,  which  is  glued  in,  and  insures  a  good 
fit.  The  cell  is  bored  in  different  dia- 
meters to  receive  the  field  lens,  h,  the  dia- 
phragm, /,  and  the  eye  lens, 7',  all  of  which 
are  held  in  place  against  shoulders  formed 
in  the  cell,  by  circular  springs  of  brass, 
which  are  sprung  in,  as  in  the  case  of  the 
object  glass.  The  eye  aperture  is  about 
1-4  inch,  and  the  aperture  of  the  diaphragm 
is  about  the  same. 

It  is  well  to  make  the  diaphragm 
adjustable,  so  that  it  may  be  moved  back 
and  forth  to  secure  the  best  position.  It 
will  be  found,  however,  that  if  placed  just 
beyond  the  focus  of  the  eye  lens,  it  will 
give  the  best  results. 

A  circular  recess,  k,  is  formed  in  the 
face  of  the  eyepiece  to  receive  a  sun  glass, 
which  is  retained  in  place,  when  in  use, 
by  the  short-curved  spring,  /.  The  sun 
glass  is  simply  a  disk  of  very  dark  glass. 
It  must,  in  fact,  be  nearly  opaque  ;  some 
of  the  glass  known  as  black  glass  answers 
the  purpose  very  well. 

If  but  one  astronomical  eyepiece  is 
made,  probably  the  most  satisfactory  com- 
bination would  be  as  follows  :  Field  lens, 
\\  inches  focal  length;  eye  lens,  i  inch  ; 
distance  apart,  i  inch.  It  is  advisable, 
however,  to  have  three  eyepieces  for  different  purposes — 
one  of  higher  power  and  one  of  lower  power  than  the  one 
described. 

A  terrestrial  e3'epiece  is  illustrated  in  the  sectional  view, 


Terrestrial  Eyepiece 
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Fig.  316.  It  is  of  little  use  to  adapt  such  an  eyepiece  to  this 
instrument  unless  it  is  first  provided  with  an  achromatic 
objective.  It  is  then  a  powerful  telescope,  which  will  enable 
one  to  see  well  for  many  miles.  The  method  of  mounting 
the  lenses  described  in  connection  with  the  astronomical 
eyepieces  will  be  followed  here,  therefore  little  more  than 
the  diameter  and  focus  of  the  lenses  and  their  distance  apart 
need  be  given.  There  are  four  plano-convex  lenses,  A',  B', 
C,  D',  mounted  in  two  pairs  in  wooden  cells,  E',  F',  fitted  to 
the  tube,  G',  which  in  turn  is  fitted  to  the  focusing  tube,  G. 
The  cell,  E',  has  a  y^  inch  aperture  for  the  eye  and  a  bead 
which  projects  beyond  the  tube,  G'.  The  lens.  A',  is  about 
y\  inch  in  diameter  and  i  inch  focus.  The  lens,  B',  is  f 
inch  diameter  and  i\  inch  focus.  The  lens,  C,  is  i\  inch 
diameter,  1%  inch  focus.  The  lens,  D',  is  -f  diameter  and 
I  }^  inch  focus.  The  plane  face  of  A'  is  if  inches  from  the 
plane  face  of  B',  and  a  stop,  H',  having  a  ^  inch  aperture 
is  placed  i^  inches  from  the  face  of  the  lens.  A'.  From  the 
plane  face  of  the  lens,  B',  to  the  plane  side  of  the  lens,  C,  it 
is  3f  inches.  The  distance  between  the  plane  side  of  the 
lens,  C,  and  the  plane  face  of  the  lens,  D',  is  if  inches.  At  a 
distance  of  W  inch  from  the  face  of  the  lens,  C,  there  is  a 
diaphragm,  I',  having  a  ^  inch  aperture.  It  will  be  observed 
that  in  this  case  the  convex  sides  of  the  lenses,  C  D,  are 
turned  toward  each  other. 

At  the  extreme  inner  end  of  the  tube,  G',  there  is  a  dia- 
phragm, K',  of  If  aperture,  which  is  held  in  place  b}^  two 
circular  springs.  The  interior  surfaces  must  be  well  blacked 
to  prevent  reflection. 

The  method  of  mounting  the  lenses  here  shown  and 
described  is  inexpensive  and  fairly  efficient.  If  something 
better  is  desired  the  reader  may,  of  course,  make  the  mount- 
ings of  brass,  and  fit  the  instrument  up  according  to  Lis 
taste  and  ability. 

The  arrangement  of  the  various  parts  is  clearly  shown 
in  the  sectional  view,  at  2,  and  the  focusing  device  is  shown 
at  4,  which  is  a  transverse  section. 

In  regard  to  collimation  :  by  cutting  off  the  ends  of  the 
paper  tube  truly  in  a  lathe,  the  cell,  B,  and  piece,  H,  will  be 
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measurably  true.  To  determine  whether  the  focusing  tube, 
G,  and  cell,  B,  are  axially  in  line,  a  truly  cut  cardboard  disk 
with  a  pin  hole  exactly  in  the  center  ma}'  be  placed  in  the 
cell,  B.  A  similar  disk  may  also  be  placed  in  each  end  of 
the  focusing  tube,  G. 

Now,  by  adjusting  the  piece,  H,  b}'  means  of  the  three 
screws,  d,  the  three  pin  holes  in  the  disks  may  be  readil}^ 
brought  upon  the  same  axial  line  ;  then,  if  the  lenses  have 
been  carefull}^  centered  by  the  manufacturer,  the  telescope 
will  be  found  sufficiently  well  coUimated.  If,  however,  it  is 
desired  to  ascertain  whether  the  lens  is  truly  centered,  it 
may  be  turned  in  its  cell,  while  the  telescope  is  in  a  fixed 
position,  and  directed  toward  some  immovable  object.  If 
the  image  moves  as  the  lens  is  turned,  it  shows  that  the  cen- 
tering is  defective. 

If  there  are  doubts  as  to  whether  the  axis  of  the  objec- 
tive coincides  with  the  axis  of  the  tube,  the  latter  may  be 
supported  in  V-shaped  supports  adapted  to  the  truly  turned 
ends,  then  by  placing  a  candle  at  some  distance  from  the 
face  of  the  lens,  and  turning  the  tube  in  its  V  supports,  at 
the  same  time  viewing  the  reflection  of  the  candle  in  the 
lens,  it  will  at  once  be  known  by  the  movement  of  the 
reflection  that  the  cell  requires  adjustment  to  render  the 
axis  of  the  objective  and  that  of  the  tube  coincident. 

With  a  telescope  of  this  description  a  large  number  of 
celestial  objects  may  be  examined  with  great  satisfaction. 
The  moon  furnishes  an  unending  source  of  delisrht,  showing: 
as  it  does  a  face  that  is  ever  changing  throughout  the  lunar 
month.  Jupiter  is  an  interesting  study  of  which  one  does 
not  soon  tire.  The  telescope  described  will  show  the  satel- 
lites in  their  varying  positions  from  night  to  night  and  the 
dark  belt  across  the  face  of  the  planet. 

Saturn  is  a  grand  object  with  the  telescope.  His  ring 
may  be  clearly  seen.  The  meniscus  lens  will  show  a  little 
color,  and  its  definition  will  be  quite  defective  when  directed 
to  such  bright  objects  as  the  moon,  Jupiter,  Saturn,  Mars, 
or  Venus,  with  the  full  aperture,  therefore  the  aperture 
should  be  reduced  by  a  diaphragm  of  black  cardboard.  A 
little   experiment    will    determine  the    best  sized  aperture. 
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For  nebulae,  star  groups,  and  double  stars,  the  full  aperture 
should  be  used.  The  great  nebula  of  Orion  is  an  interest- 
ing object ;  man}^  of  the  star  groups  are  verj'  pleasing.  The 
sun  also,  when  the  spots  are  visible,  may  be  viewed  with 
satisfaction.  Of  course,  the  sun  glass  will  be  applied  before 
the  observer  attempts  to  view  the  sun,  otherwise  the  eye 
may  be  injured  or  destroyed.  A  double  or  plano-convex 
lens,  of  long  focus,  may  be  used  for  an  objective,  but  the 
meniscus  is  better. 

If  the  mountings  have  been  carefully  made,  the  menis- 
cus or  the  piano  or  double  convex  lens  will  soon  be  sup- 
planted by  a  good  achromatic  objective,  which  will  increase 
the  efficiency  of  the  instrument  many  fold. 

As  to  the  telescope  stand,  little  need  be  said,  as  its  con- 
struction is  so  clearly  shown  in  the  engraving.  It  cannot 
be  made  too  solid.  If  it  is  very  clumsy,  this  is  no  objection. 
If  it  is  slender,  it  will  shake.  Every  tremor  has  the  benefit 
of  the  magnifying  power  of  the  telescope,  and  is  amplified 
to  a  wonderful  extent. 

The  stand  represented  is  easily  constructed  and  answers 
an  excellent  purpose.  From  the  ground  to  the  top  of  the 
hexagonal  hub,  M,  it  is  four  feet.  Three  of  the  alter- 
nate sides  of  the  hub  are  wider  than  the  intermediate  ones, 
to  receive  the  wrought  iron  hinges  by  which  the  legs  are 
attached.  To  attach  the  hinges,  the  pin  is  first  driven  out ; 
one-half  of  the  hinge  is  then  attached  to  the  leg,  and  the 
other  half  to  the  hub,  M,  when  the  pin  is  replaced. 

No.  5  is  a  top  view  of  the  hub  and  the  upper  portion  of 
the  legs;  6  is  a  vertical  section.  A  i^-  inch  hole  is  bored 
through  the  hub  to  receive  the  standard,  N,  which  supports 
the  telescope.  To  each  of  the  legs  is  hinged  an  arm,  ;/, 
which  folds  down  against  the  standard,  so  as  to  spring  the 
legs  outwardly,  and  thus  render  the  stand  very  rigid.  The 
lower  ends  of  the  legs  are  provided  with  spikes,  and  a  strap 
is  attached  to  one  of  the  legs  to  bind  them  all  together  when 
the  instrument  is  not  in  use. 

The  upper  end  of  the  standard,  N,  is  reduced  in  size,  and 
made  slightl}-  conical  for  receiving  a  socket,  O,  to  the  upper 
end  of  which  is  jointed  an  arm  attached  to  the   V-shaped 
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trough,  P,  in  which  the  telescope  is  secured  b}'  straps.     The 
form  of  the  joint  is  shown  at  3,  which  is  a  vertical  transverse 


Fig.  317. 


Compact  Telescope— 2>^   inch   Aperture,    24  inch   Focus. 

section.     A  strong   bolt,   o,   forms   the   pivot   of   the   joint 
between  the  socket,  O,  and  trough,  P,  and  is  provided  with 
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a  wing  nut  by  which  it  mav  be  tightened.  The  surfaces  of 
the  joint  as  well  as  the  upper  end  of  the  standard  should  be 
coated  with  black  lead  to  insLire  smooth  working.  A  post 
set  firmly  in  the  ground,  while  it  cannot  be  moved  from 
place  to  place,  has  the  advantage  of  being  rigid.  It  forms 
one  of  the  best  of  cheap  stands. 

COMPACT    TELESCOPE. 

In  Fig.  317  is  represented  a  fine  telescope  of  2i  in.  aper- 
ture, the  optical  parts  of  which  are  made  after  the  formulae 
of  the  late  R.  B.  ToUes,  by  Mr.  John  Green,  who  was  for 
many  years  the  co-worker  of  Mr.  Tolles.  The  mounting  is 
furnished  b}^  Prof.  A.  K.  Eaton,  of  Brooklyn,  N.  Y.,  who 
supplies  the  complete  instrument. 

This  telescope  is  suitable  for  either  celestial  or  terres- 
trial observation.  The  high  perfection  of  the  objective  per- 
mits of  a  very  short  focus,  which  is  a  feature  of  considerable 
importance  in  portable  telescopes. 

Saturn  with  his  rings  and  satellites,  Jupiter  and  his 
moons,  the  nebula  of  Orion,  and  other  nebulas,  the  various 
star  clusters  and  many  of  the  double  stars  may  be  seen 
with  a  great  deal  of  satisfaction  with  this  little  telescope. 
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CHAPTER  XV. 

PHOTOGRAPHY. 

Probably  no  branch  of  applied  science  is  so  familiar  to 
all  classes  of  people  as  that  of  photography.  The  art  is 
practiced  by  professionals  and  amateurs  with  different 
degrees  of  skill,  varying  from  that  which  can  produce  only 
a  recognizable  shadow  to  that  which  is  capable  of  securing 
results  little  short  of  perfection.  It  is  not  always  by  the  use 
of  the  most  expensive  apparatus  that  the  best  works  of  pho- 
tographic art  are  produced. 

A  great  deal  more  depends  upon  manipulative  skill  than 
apparatus,  and  while  a  camera  of  fair  quality  is  indispensa- 
ble, the  best  instrument  obtainable  will  not  compensate  for 
carelessness  nor  for  lack  of  the  finer  judgment  required  in 
many  of  the  operations  of  photograph3^ 

Since  the  introduction  of  the  dry  plate,  the  camera  and 
its  accessories,  together  with  a  few  pans  and  measuring 
glasses,  constitute  the  outfit  with  which  the  operations  are 
carried  on. 

The  lens  is  a  vital  part  of  the  outfit,  which  should  be 
selected  with  more  regard  for  its  quality  than  its  cost. 

While  very  good  work  can  be  done  with  a  single  lens,  a 
compound  achromatic  lens  is  very  desirable.  There  are 
two  classes  of  lenses  in  general  use ;  those  having  a  wide 
angle  and  short  focus,  employed  for  photographing  build- 
ings, street  views,  near  objects  and  interiors,  and  those  of  a 
narrower  angle  and  longer  focus  adapted  for  views  having 
considerable  distance.  When  only  one  lens  can  be  pur- 
chased, a  lens  of  the  latter  class  is  preferable.  Lenses  of 
either  kind  may  be  adapted  to  different  conditions  of  use  by 
means  of  stops  or  diaphragms  with  apertures  of  different 
sizes. 

Anv  good  camera  box  will  answer,  provided  it  is  light- 
tight.     The  more  expensive  boxes  with  swing  backs,  rising 
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fronts,  and  focusing  mechanism  are  convenient  and  desirable. 
The  "  feather  weight  "  plate  holders  are  easily  manipulated 
in  the  dark  room,  and  as  their  name  indicates,  they  are  not 
cumbersome  to  carry.  B}^  the  use  of  kits,  large  plate  hold- 
ers may  be  adapted  to  small  plates.  A  small  and  light 
tripod  may  be  chosen,  but  it  should  have  sufficient  rigidity 
to  hold  the  camera  steadil)^ 

The  cloth  used  to  cover  the  head  while  focusing  should 
be  light-tight,  also  waterproof,  as  in  case  of  a  storm  it  may 
be  used  to  protect  the  camera  and  the  plate  holders. 

The  dealers  furnish  a  great  variety  of  plates  from  which 
to  choose.  Beginners  will  experience  the  greatest  satisfac- 
tion in  slow  plates,  as  with  these  the  danger  of  over-exposure 
is  small.  Plates  must  be  kept  in  a  dry  place  and  carefully 
protected  from  the  light.  The  boxes  of  plates  should  be 
opened  and  the  plates  inserted  in  the  plate  holders  in  a  per- 
fect dark  room  if  possible.  If  a  light  is  required,  a  ruby 
lamp  capable  of  giving  a  dark  red  light  may  be  used,  but 
the  light  must  be  used  cautiously.  Probably  more  plates 
are  fogged  in  a  dark  room  than  elsewhere  by  needless 
exposure  to  the  ruby  light.  It  seems  hardly  necessary  to 
say  that  the  plates  should  be  placed  in  the  plate  holders 
with  the  film  side  out,  that  is,  toward  the  slides.  They 
should  be  carefully  dusted  with  a  fine  soft  camel's  hair 
brush  before  closing  the  slides. 

The  camera  is  pointed  at  the  object  to  be  taken,  and 
adjusted  so  that  the  inverted  image  on  the  ground  glass  is  in 
the  desired  position.  The  focusing  cloth  is  then  thrown  over 
the  head  and  over  the  camera,  and  the  movable  portion  of 
the  camera  box  is  adjusted  until  a  position  is  found  at  which 
the  particular  object  appears  sharp  on  the  ground  glass.  If 
the  image  is  too  large,  the  camera  must  be  moved  back ;  if 
not  large  enough,  it  must  of  course  be  moved  forward. 
After  focusing,  a  suitable  stop  is  inserted  in  the  lens  tube. 
This  will  vary  with  the  light  and  with  the  intended  exposure. 
It  is  found  that  the  light  acts  very  much  quicker  on  a  July 
day  than  in  December,  and  that  the  duration  of  exposure 
varies  with  the  hour  of  the  day  as  well  as  with  the  time  of 
year,  so  that  a  larger  stop  must  be  used,  or  a  longer  expo- 
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sure  made  in  winter  than  in  summer,  and  in  the  morning 
and  evening  tlian  at  mid-dav. 

The  use  of  a  stop  gives  more  detail  in  the  shadows,  in 
consequence  of  allowing  a  longer  exposure  ;  it  also  gives 
greater  depth  of  field.  After  the  insertion  of  the  stops  the 
cap  is  put  on,  the  plate  holder  is  inserted  in  its  place,  and  the 
slide  withdrawn.  Evervthing  being  ready  for  the  exposure, 
the  cap  is  removed  and  replaced.  On  a  bright  summer  daj', 
with  an  achromatic  lens,  the  exposure  of  a  slow  plate  with 
the  smallest  stop  will  require  from  three  to  five  seconds,  but 
the  time  cannot  be  given  with  accuracy ;  it  must  be  learned 
by  experience.  With  a  fast  plate  an  exposure  given  by 
removing  the  cap  and  immediatel}'  replacing  it  is  sufficient. 

If  it  can  be  avoided,  the  camera  should  never  be  pointed 
toward  the  sun,  but  if  it  becomes  necessary,  the  lens  must  be 
shielded  in  such  a  wa_y  as  to  afford  adequate  protection  with- 
out interfering  with  the  field  of  view.  The  best  landscapes 
are  secured  in  the  morning  or  afternoon,  the  shadows  being 
longer  than  they  are  at  mid-day.  Photographing  on  windy 
days  should  be  avoided,  unless  the  exposures  are  to  be 
instantaneous.  The  duration  of  the  exposure  of  the  plate 
varies  greatly  under  different  conditions.  Interiors  fre- 
quentlv  require  an  exposure  of  an  hour  or  two,  often  longer. 

For  copying  from  books,  engravings,  or  photographs  for 
lantern  slides  or  for  reproductions,  the  ordinary  camera  box 
will  usually  be  found  too  short,  but  a  pasteboard  extension 
may  be  fitted  to  the  box.  For  copying,  a  good  achromatic 
rectilinear  lens  is  necessarj-.  When  the  work  is  done  by 
davlight,  the  camera  should  be  placed  with  the  back  or  side 
toward  the  window,  the  object  to  be  copied  being  placed  in 
front  of  the  camera  and  well  illuminated.  In  this  class  of 
work  much  depends  on  careful  focusing,  A  magnifying 
glass  of  8  or  lo  inch  focus  is  of  great  utility  in  this  connec- 
tion. By  employing  a  kerosene  or  gas  lamp  provided  with 
a  reflector,  copying  may  be  successfully  carried  on  at  night. 
The  exposures  under  these  circumstances  var}'  from  ten 
minutes  to  a  half  hour. 

Instantaneous  photograph}-  is  attractive  and  interesting, 
but  difficult.     It  should  be  practiced  onl)-  when  necessary. 
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Time  exposures  are  always  preferable  when  they  are  feasi- 
ble. Excellent  instantaneous  pictures  may  be  taken,  how- 
ever, after  a  little  practice,  but  success  is  not  always  certain. 

For  instantaneous  work,  a  good  shutter  and  a  quick 
working  lens  will  be  required.  The  camera  is  focused  in 
the  usual  way.  A  large  stop  is  inserted  in  the  lens  tube  and 
a  fast  plate  is  used.  The  slide  is  removed,  and  when  the 
object  is  sighted,  the  shutter  is  let  off.  The  b,est  instrument 
for  instantaneous  work  is  the  Detective  camera,  the  kind 
having  a  fixed  focus  being  especially  desirable. 

The  exposure  and  development  of  a  plate  are  intimately 
related  to  each  other ;  a  properly  exposed  plate  may  easily 
be  spoiled  in  developing,  while  on  the  other  hand  an  unduly 
under  or  over  exposed  plate  can  never  be  made  to  produce 
a  good  negative  by  any  process  of  developing.  A  perfectly 
dark  room  illuminated  only  by  a  very  dark  ruby  light  is 
indispensable.  It  should  be  furnished  with  a  sink  and  run- 
ning water,  but  progress  may  be  made  with  no  other  con- 
veniences than  a  pitcher  of  water  and  a  washbowl.  Several 
pans  of  gutta  percha,  glass,  or  porcelain  are  required  for 
developing,  fixing,  etc.,  also  two  graduated  glasses  and  a 
glass  funnel  are  necessary.  A  pan  should  be  provided  for 
each  kind  of  developer  and  one  for  h)'posulphite  of  soda. 
The  glasses,  funnels,  and  pans  must  be  kept  scrupulously 
clean,  and  the  latter  should  always  be  used  for  the  same 
kind  of  solution. 

There  are  several  developers  for  dry  plates  ;  the  follow- 
ing is  one  of  the  best : 

Beach   Pyro-Fotasli  Developer. 

No.  I. — Pyro  Solution. 

Sulphite  of  soda  (chemically  pure  crystals)  4  oz. 
Warm  distilled  or  melted  ice  water 4    " 

When  cooled  to  about  70    Fahr.,  add  : 

Sulphurous    acid  water  (strongest  to  be 

had) 3a   'JZ- 

And  lastly,  pyrogallic  acid i 


& 
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No.  2. — Potash  Solution. 

A. 

Carbonate  potash  (chemically  pure) 3  oz. 

Water 4    " 

B. 

Sulpnite  soda  (chemically  pure  crystals).  .2  07. 
Water 4   " 

Make  A  and  B  separately  and  then  combine  in  one 
solution. 

For  a  5  X  8  plate,  pour  into  the  graduated  glass  i  drachm 
of  the  pyro  solution  and  ^  drachm  of  the  potash  ;  add  3  oz. 
water.  Mix  well.  The  plate  should  be  lightly  brushed  clea'n 
with  a  soft  camel's  hair  brush,  and  placed  with  the  film  side 
up  in  a  pan  containing  fresh  water ;  soak  for  about  a  minute, 
then  pour  the  water  off,  and  pour  on  the  developer;  rock 
the  pan  gently  so  as  to  flow  the  developer  evenly  over  the 
plate.  The  pan  should  now  be  brought  close  to  the  ruby 
light,  and  the  plate  examined.  An  image  should  begin  to 
appear  within  two  or  three  minutes.  The  plate  should  be 
closely  watched.  The  high  lights  (sky,  etc.)  develop  first, 
and  appear  as  a  darkening  of  the  plate.  The  other  objects 
follow.  Development  should  be  proceeded  with  until  all 
parts  of  the  picture  show  clearly  by  transmitted  light,  and 
until  the  plate  turns  gray,  and  the  image  seems  to  fade 
away.  The  outlines  of  the  image  appear  on  the  back  of  the 
plate  when  it  is  sufficiently  developed.  If  a  plate  comes  up 
quickly,  say  within  a  minute,  it  is  over-exposed,  and  should 
be  removed  to  a  pan  containing  water  to  which  is  added  a 
small  quantity  of  developer  with  the  pyro  solution  in  excess, 
or  the  plate  may  be  placed  in  the  developer,  to  which  has 
been  added  a  few  drops  of  a  solution  containing  150  grains 
of  potassium  bromide  in  2  oz.  water. 

In  case  a  plate  is  very  much  over-exposed,  it  will  not 
come  up  in  a  long  time,  and  will  be  worthless.  If  a  plate 
should  not  come  up  in  a  reasonable  length  of  time,  more  of 
the  potash  solution  should  be  added.  An  under-exposed 
instantaneous  plate  may  be  started  by  placing  it  in  a  weak 
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solution  of  potash  and  water,  then  developing  with  an  excess 
of  alkali.     Fogging  is  produced  by  too  much  alkali. 

Over-development  produces  a  hard  negative,  from  which 
it  is  difficult  to  make  a  print.  Weak  negatives  having  clear 
shadows,  with  plenty  of  detail,  but  lacking  intensity  in  the 
high  lights,  are  the  result  of  over-exposure.  Too  strong 
high  lights  with  weak  shadows  are  due  to  under-exposure. 
Transparent  spots  (pinholes)  are  caused  by  dust  or  air  bub- 
bles formed  in  development.  If  a  plate  during  development 
is  seen  to  lack  detail  in  places,  the  development  may  be 
forced  at  such  points  by  applying  a  large,  soft,  round  cam- 
el's hair  brush  charged  with  moderately  strong  developer. 
The  brush  is  rapidly  passed  over  the  portion  of  the  plate  to 
be  brought  out,  care  being  taken  not  to  touch  the  other 
parts.  If  negatives  show  too  great  contrast  between  the 
dark  and  light  portions,  the  developer  should  be  reduced 
with  water.  In  a  properly  exposed  and  developed  plate  the 
sky  will  be  nearly  opaque. 

After  development  the  plate  should  be  thoroughly 
washed  with  water  and  put  in  a  clearing  or  fixing  solution 
formed  of  sodium  hyposulphite  ("  hypo")  i  oz.,  water  5  oz. 
A  very  small  quantity  of  hypo  mixed  with  the  developer  is 
sufficient  to  defeat  all  dark-room  operations.  Therefore,  it 
must  be  isolated  from  everything  else,  and  the  hands  must 
be  thoroughly  washed  after  handling  it.  When  the  hypo 
solution  is  discolored,  it  must  be  replaced  with  a  fresh  solu- 
tion. 

The  plate  is  left  in  the  clearing  solution  tor  a  short 
time  after  the  yellow  color  has  entirely  disappeared  from 
the  film  ;  then  it  is  washed  thoroughly  until  every  trace  of 
the  hypo  is  removed.  Soaking  for  several  hours  in  clear 
cool  water,  frequently  changed,  is  effective  in  removing 
the  hypo.  The  permanence  of  the  negative  depends  on 
this  washing.  The  negatives  should  be  placed  on  a  rack  to 
dry,  in  a  cool  place,  free  from  dust. 

The  hydrochinon  developer  is  largely  used,  and  gives 
good  satisfaction.  With  this,  the  development  of  the  plate 
can  be  more  easily  controlled  than  with  the  pyro,  and  it  has 
the  advantage  of  not  staining  the  fingers.     An  under-exposed 
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plate  which  is  beyond  saving  with  the  pj'ro   developer  can 
be  brought  out  by  a  long  treatment  with  hydrochinon. 

The  formula  for  Carbutt's  h^'drochinon  developer  is  as 
follows : 

A. 

Hydrochinon lo  grains. 

Crystallized  sulphite  soda 50        " 

Distilled  water 500        " 

B. 

Carbonate  potash  (pure) ...    25  grains. 

Distilled   water 200        " 

A  and  B  should  be  mixed  in  equal  volumes.  The  quan- 
tities here  given  make  a  very  small  amount  of  solution.  It 
is  advisable  to  make  a  much  larger  quantity.  For  normal 
exposures  this  developer  should  be  reduced  somewhat  with 
water.  For  under-exposed  plates  it  may  be  used  at  full 
strength.  Development  should  be  carried  on  .in  the  same 
manner  as  with  pyro  ;  it  should,  however,  proceed  further, 
or  until  the  face  of  the  plate  appears  quite  black.  The 
developer  is  saved,  as  it  may  be  used  repeatedly,  working  a 
little  slower  each  time.  Verj-  old  developer  may  be  used 
for  over-exposed  plates  and  for  lantern  slides.  Fine  effects 
may  be  obtained  by  beginning  the  development  with  strong 
hydrochinon,  and  finishing  with  the  old,  weaker  solution, 
or  this  order  may  be  reversed.  The  plates  are  washed  and 
fixed  as  before  described.  The  developer  should  be  kept  in 
well-corked  bottles  in  a  dark,  cool  place. 

If  a  negative  lacks  density  in  the  high  lights,  it  may  be 
intensified  with  bichloride  of  mercury  and  ammonia ;  but  if 
it  is  over-exposed,  intensification  will  not  help  it.  The  nega- 
tive may  be  intensified  at  any  time  after  the  final  washing, 
even  after  it  has  been  dried,  but  if  dry,  it  should  be  soaked 
in  water  for  a  few  minutes  before  intensifying. 

An  ounce  of  bichloride  of  mercury  in  a  quart  of  water 
constitutes  the  intensifying  solution.  In  this  immerse 
the  negative,  rocking  it  gently  until  it  is  of  a  light  straw 
color.     It  is  then  washed  thoroughly.     One  portion  of  this 
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solution  should  not  be  used  for  more  than  two  negatives. 
Since  the  mercury  salt  dissolves  sparingly  in  the  water, 
more  water  may  be  poured  on  the  bichloride  of  mercury, 
as  the  solution  is  used. 

After  the  negative  is  thoroughly  washed  it  is  placed  in  a 
solution  of  water  and  ammonia  (i  drachm  strong  ammonia 
to  a  pint  of  water),  where  it  is  allowed  to  remain  until  it  is 
of  the  required  density.     It  is  then  washed  thoroughly. 

Lantern  slide  plates  measure  3i  X  4  inches.  They  are 
made  of  much  thinner  glass  than  the  ordinary  negative 
plates,  and  are  called  gelatino-albumen  plates.  If  negatives 
are  not  of  the  proper  size  for  lantern  slides,  they  may  be 
copied  in  the  camera. 

For  contact  prints  the  negative  is  laid  in  the  printing 
frame  face  up,  and  a  lantern  slide  plate  is  laid  face  down  on 
this.  A  piece  of  black  paper  is  then  placed  over  the  back 
of  the  lantern  slide  plate,  and  the  back  of  the  printing  frame 
is  put  on  and  fastened.  The  exposure  is  made  either  by 
daylight  or  by  artificial  light,  the  latter  being  preferred.  The 
plate  is  exposed  by  holding  the  printing  frame  about  one 
foot  from  the  light.  Very  weak  negatives  may  be  held  at  a 
distance  of  five  or  six  feet,  but  the  time  of  exposure  must 
be  very  much  increased.  The  time  of  exposure  is  generally 
about  thirty  seconds  when  a  five-foot  gas  burner  is  used  at 
a  distance  of  one  foot. 

All  lantern  slide  plates  are  slow,  and  admit  of  the  use  of 
a  much  stronger  red  light  than  is  allowable  with  an  ordin- 
ary plate.  The  best  developer  for  this  purpose  is  the  old 
hydrochinon  solution.  The  image  should  begin  to  appear 
in  from  three  to  five  minutes,  and  should  be  completely 
developed  in  fifteen  minutes.  Over-exposure  is  liable  to 
veil  the  high  lights,  and  while  the  slide  may  be  handsome  to 
look  at,  it  will  be  worthless  for  projection.  The  high  lights 
in  a  slide  should  be  perfectly  transparent.  With  a  negative 
having  clear  shadows  and  a  dense  sky,  care  should  be  taken 
not  to  print  too  heavily,  for  while  the  high  lights  will  be 
clear,  other  parts  will  be  in  outline  without  detail.  After 
development  is  completed,  the  plate  is  washed  thoroughly 
and  fixed  as  already  described.     The  fixing  solution  should 
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be  frequentl}'  renewed.  When  the  fixing  is  complete,  the 
plate  is  washed  thoroughly  and  swabbed  with  wet  cotton 
wool.  After  the  prints  are  dry  they  are  coated  with  thin 
collodion  by  flowing  it  evenly  over  the  plate.  The  slides 
are  covered  with  thin  glass  of  the  same  size.  Worthless 
negative  and  positive  plates  may  be  cleaned  with  dilute 
nitric  acid,  and  used  as  slide  covers.  A  mat  is  interposed 
between  the  print  and  the  cover,  and  the  two  glasses  are 
bound  together  with  black  adhesive  paper  cut  into  one-half 
inch  strips.  A  small  label  should  be  placed  on  the  corner  of 
the  slide  to  serve  as  a  guide  in  putting  it  into  the  lantern. 

PRINTING. 

Few  amateurs  find  profit  in  preparing  their  own  paper 
for  printing.  Ordinary  photographs  are  printed  on  albu- 
menized  paper  coated  with  a  solution  of  silver  nitrate.  If 
the  kind  of  paper  known  as  "ready  sensitized"  is  used,  it 
requires  fuming.  This  is  accomplished  by  pinning  the 
pieces  in  the  sides  of  a  large  box,  in  the  bottom  of  which  is 
placed  a  saucer  of  ammonia.  The  box  is  covered  and  the 
paper  is  exposed  to  the  ammonia  fumes  for  about  fifteen 
minutes,  after  which  it  is  used  at  once.  Freshly  sensitized 
paper  is  fumed  by  the  dealer,  and  is  preferable  to  the  "ready 
sensitized."  The  back  of  the  negative  is  cleaned  before 
printing,  and  the  negative  is  placed  face  up  in  the  printing 
frame,  and  a  piece  of  paper  is  placed  face  down  upon  it. 
The  back  of  the  frame  is  put  on  and  the  paper  is  exposed 
through  the  negative  to  the  sunlight.  Weak  negatives 
should  be  printed  in  the  shade.  A  cover  of  tissue  paper 
placed  over  the  printing  frame  during  printing  preserves 
details.  With  a  good  negative  of  a  landscape,  for  example, 
the  printing  should  be  continued  imtil  the  sky  is  dark  and 
the  shadows  are  of  a  bronze  color. 

It  is  advisable  to  trim  all  prints  before  toning.  The 
trimming  is  done  on  a  glass  plate,  using  a  glass  trimming 
form  to  guide  the  knife.  Prints  should  be  carefully  kept 
from  the  light  until  the)^  are  toned.  They  should  be  toned 
within  two  or  three  days  from  the  time  of  printing — the 
sooner,  the  better.     The   prints  are   thoroughly  washed  in 
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eight  or  ten  waters  until  the  free  silver  is  washed  out  before 
they  are  placed  in  the  toning  solution. 

Formulas  of  several  toning  baths  are  given  below : 

For  Purple  or  Black   Tones. 

Chloride  of  gold 2  grains. 

Bicarbonate  of  soda 8  to  16        " 

Water 16  ounces. 

For  purple  tones  the  smaller  quantity  of  bicarbonate 
soda  is  used  ;  for  black  tones,  the  larger  quantity.  This 
solution  should  be  made  up  an  hour  before  use,  and  not 
kept  in  stock. 

For  Deep  Brown   Tones. 

Chloride  of  gold i  grain. 

Sodium  acetate 20      " 

Water 10  ounces. 

Make  up  several  hours  before  use. 

In  either  case  use  enough  solution  to  fill  the  pan.  About 
one  grain  of  gold  is  used  for  each  20  x  24  sheet  of  paper.  If 
the  prints  tone  slowly,  the  solution  must  be  slightly  heated. 
Only  a  few  prints  are  put  into  the  bath  at  a  time,  and  they 
are  kept  in  motion  until  the  red  disappears  and  they  are  a 
little  darker  than  they  should  appear  when  finished.  Prints 
may  have  a  blue  tinge,  but  the  color  should  not  run  into  a 
purple.  A  print  toned  too  long  is  purple,  and  when  under- 
toned  it  is  red.  The  art  of  toning  can  be  learned  only  by 
experience.  After  toning,  the  prints  are  placed  in  water 
for  a  time.  The  solution  made  according  to  the  last  formula 
should  be  filtered,  and  kept  in  a  dark  place  for  future  use. 

The  fixing  bath  consists  of: 

Water i  pint. 

Sodium  hyposulphite      4  ounces. 

Ammonia i   drachm. 

The  hypo  should  be  dissolved  before  the  toning  begins, 
and  the  ammonia  should  be  added  just  before  the  solution 
is  used.     The  prints  should  all  be  put  into  the  hypo  at  the 
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same  time — not  more  than  two  sheets  of  paper  to  each  pint 
of  sokition.  They  should  be  turned  and  moved  about  con- 
tinually. Before  a  print  is  completely  fixed  small  dark  spots 
are  seen  when  the  print  is  examined  by  transmitted  light. 
The  clearing  should  be  continued  for  five  minutes  after  these 
spots  have  disappeared.  The  time  required  for  fixing  will 
be  from  fifteen  to  twenty  minutes.  The  hypo  reddens  and 
fades  prints  which  have  been  onlv  partially-  toned  or  printed 
too  light.  The  color  of  all  prints  is  rendered  lighter  by  the 
hypo.  After  fixing,  the  prints  must  be  thoroughly  washed 
in  running  water  or  in  several  waters  and  allowed  to  soak 
for  a  considerable  time,  say  half  an  hour  between  the  wash- 
ings. The  permanence  of  the  print  depends  upon  this 
washing. 

The  prints  when  completel}'  ^vashed,  and  while  still  wet, 
are  ready  for  mounting.  Each  print  is  brushed  over  on  the 
back  with  starch  or  flour  paste.  They  are  then  placed  evenly 
upon  the  mounts,  covered  with  a  piece  of  paper  and  rubbed 
down  smoothly.  When  the  Drints  are  perfectly  dry,  they 
are  burnished. 

A    POCKET    CAMERA. 

No  equipment  for  a  tour  or  a  summer's  vacation  is  now 
complete  without  a  photographic  outfit  for  making  instan- 
taneous memoranda  of  scenes  and  objects  met  with  upon 
the  road,  on  the  river  or  lake,  or  in  the  picturesque  nooks 
of  mountain  and  valley.  The  principal  trouble  Avith  photo 
graphy  in  these  days  is  not  with  the  plates  and  chemicals,  as 
of  old,  but  with  the  more  or  less  cumbersome  camera  and 
accessories,  which  must  be  ever  present  with  the  artist, 
making  him  an  object  of  curiosity  wherever  he  may  go. 

If  large  pictures  are  desired,  a  large  camera  and  tripod 
of  corresponding  size  will,  of  course,  be  required.  To 
these  must  be  added  a  complement  of  plate  holders  if  a 
number  of  pictures  are  to  be  made  in  a  short  time.  Some 
of  the  recentl}^  devised  cameras  are  very  portable,  and  in 
every  way  desirable.  The  writer  adds  to  the  list  an  instru- 
ment which  differs  in  some  respects  from  others.  The  prin- 
cipal feature  is  the   plate-changing    device,   which   is    quite 
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simple  and  admits  of  the  use  of  flexible  bags  for  holding  the 
plates  before  and  after  exposure.  The  bags — which  hold 
one  plate  each — are  made  of  the  stout  black  paper  known  in 
the  trade  as  leatherette.  Each  bag  has  a  very  thin  covering 
of  leather,  such  as  is  used  by  bookbinders  on  very  light 
work,  and  around  the  mouth  of  the  bag  is  glued  a  band  of 


Fig.  31S 


A    Pocket  Camera. 

thin,  tough  pasteboard.  The  bags  are  made  over  a  wooden 
form.  A  dozen  filled  bags  occupy  very  little  more  room 
than  the  plates  in  the  original  package.  The  light  is  ex- 
cluded, and  the  plates  are  held  in  the  bags  by  folding  over 
the  top,  as  shown  in  the  engraving.  Each  bag  is  provided 
with  a  rubber  band  extending  around  it  lengthwise,  to  pre- 
vent it  from  unfolding. 
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In  the  present  case,  the  plate  holder  proper  is  made  of 
brass  and  fitted  to  the  camera  box,  from  which  it  is  never 
removed,  except  in  case  of  some  disarrangement  of  the 
interior  parts  of  the  camera.  The  holder  consists  of  a  flat 
sheath,  made  of  suitable  size  to  readily  admit  the  plate,  and 
provided  with  an  opening  in  the  front  side,  of  the  size  of 
the  field  of  the  lens.  This  opening  is  surrounded  by  a  flange 
which  fits  light-tight  into  the  camera  box. 

Two  light  bowed  springs,  a,  are  soldered  to  the  back  of 


Fig.  319. 


Interior  of  Pocket  Camera. 


the  sheath,  and  tend  to  press  the  plate  forward  to  bring  the 
film  into  the  focal  plane. 

The  end  of  the  sheath,  which  projects  upward  above  the 
top  of  the  camera  box,  is  of  suitable  size  to  be  received  in 
the  stiffened  ends  of  the  bags,  and  a  channel  is  formed 
around  the  end  of  the  sheath  near  its  upper  end  by  solder- 
ing an  angled  strip  of  brass  around  the  mouth  of  the  sheath, 
as  shown  Fig.  319.  Into  this  channel  the  stiffened  end  of  the 
bag  IS  mserted  belore  it  is  unfolded.  The  channel  is  black- 
ened, so  that  when  the  end  of  the  bag  is  inserted  in  it,  no 
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light  can  enter.  Now,  by  straightening  the  bag  and  shaking. 
the  camera,  the  plate  contained  by  the  bag  will  be  made  to 
fall  into  the  holder.  The  bag  can  now  be  folded  against  the 
back  of  the  holder  and  held  there  by  one  of  the  elastic 
bands  extending  over  the  top  and  under  the  bottom  of  the 
box.  The  removal  of  the  plate  from  the  camera  is  simply 
the  reverse  of  what  has  just  been  described  ;  that  is,  the  bag 
is  unfolded,  and  the  camera  being  inverted,  the  plate  is 
dropped  into  the  bag,  when  the  bag  is  again  folded  and 
removed  from  the  holder. 

The  shutter  of  this  little  camera  is  both  simple  and  effec- 
tive. It  admits  of  instantaneous  and  time  exposures,  and 
can  readily  be  adjusted  to  any  required  speed  without  open- 
ing the  camera  box. 

The  shutter  consists  of  a  light  metallic  disk,  A,  provided 
with  a  central  boss  arranged  to  turn  on  a  stud  projecting 
from  a  plate  secured  to  the  inner  surface  of  the  front  of  the 
box.  A  stout  but  fine  cord,  b,  is  attached  by  one  end  to  a 
small  loop  soldered  to  the  face  of  the  shutter  and  wound 
once  around  the  boss  of  the  shutter  ;  the  remaining  end 
passes  through  a  hole  in  the  end  of  the  spring,  c.  A  screw, 
d,  passes  through  the  top  of  the  camera,  through  a  slot  in 
the  spring,  c,  the  nut  being  fitted  to  the  slot  of  the  spring 
and  provided  with  shoulders  which  support  the  spring.  By 
turning  the  screw,  d,  the  spring  may  be  made  to  turn  the 
shutter  with  more  or  less  rapidity,  as  may  be  required.  A 
cord,  (T,  inserted  in  an  eye  on  the  boss  of  the  shutter  and 
wound  in  a  direction  opposite  that  of  the  cord,  h,  passes  t)ut 
through  a  hole  in  the  box  and  serves  to  set  the  shutter. 

The  shutter  is  provided  with  twcj  small  studs,  f  g,  the 
stud,  /,  being  arranged  near  the  periphery  of  the  disk,  in 
position  to  be  engaged  by  the  spring  catch,  h,  when  the  shut- 
ter is  drawn  around  by  the  cord,  e,  preparatory^  to  making  an 
instantaneous  exposure.  The  stud,  g,  is  placed  in  such  a 
position  relative  to  the  catch,  It  ,  that  its  engagement  with  the 
catch  will  hold  the  shutter  open,  or  with  its  opening,  /,  coin- 
cident with  the  opening  of  the  tube,  as  indicated  in  dotted 
lines. 

The    catch,   Ii ,  is  provided    with  a   wire  arm,  j,  which 
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extends  behind  the  catch,  //,  in  such  a  way  as  to  allow  the 
catch,  //',  to  move  a  short  distance  before  releasing  the 
catch,  h.  Each  catch  is  provided  with  a  stud  which  pro- 
jects through  the  camera  box  and  presses  against  the 
leather  covering,  forming  two  small  convex  projections,  /,  in. 
When  an  instantaneous  exposure  is  desired,  the  shutter  is 
released  bv  pressing  the  projection,  /.  When  a  time  expo- 
sure is  to  be  made,  the  button,  ;«,  is  pressed.  This  opera- 
tion first  throws  the  catch,  li  ,  into  the  path  of  the  stud, 
g,  then  releases  the  stud,  /,  allowing  the  shutter  to  turn 
until  the  stud,  g,  strikes  the  catch,  Ii.  This  will  arrest  the 
shutter  in  an  open  position.  When  the  catch,  li,'  is  released, 
the  shutter  closes.  For  time  exposures  the  camera  box 
may  be  placed  on  any  convenient  support. 

For  instantaneous  exposures,  the  camera  may  be  held  in 
the  hand.  One  desiring  to  make  a  camera  of  this  kind,  and 
having  the  proper  facilities,  could  substitute  a  toothed  sec- 
tor and  pinion  for  the  shutter  boss  and  the  cords  used  in 
operating  it. 

The  camera  lens  is  of  the  spherical,  wide  angle  kind, 
with  a  fixed  focus  for  all  distances  from  five  feet  upward. 

The  camera  box  is  2  inches  deep  and  3^  inches  square, 
outside  measurement.  The  camera  was  designed  especially 
as  a  tourist's  companion  for  taking  lantern  views,  and  it  has 
served  its  purpose  very  well  indeed. 

SIMPLE     PHOTOGRAPHIC     AND      PHOTO-MICROGRAPHIC 
APPARATUS. 

While  first  class  photographic  instruments  can  be  made 
only  by  makers  having  the  greatest  skill  and  large  experi- 
ence, an  ordinary  camera  that  will  serve  the  purposes  of 
the  amateur  may  be  made  by  the  amateur  himself  with  the 
expenditure  of  an  insignificant  sum  for  materials. 

Nos.  I  to  12,  Plate  V.,  show  a  camera  tube,  box,  and 
tripod,  the  materials  of  which  cost  less  than  a  dollar.  The 
construction  is  within  the  range  of  any  one  having  a  little 
mechanical  ability.  The  camera  isjntended  for  4  by  5  plates, 
therefore  the  size  of  the  plate  holder  and  the  focal  length  of 
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the  tube  will  determine  the  size  of  the  camera  box.  To 
avoid  turning  the  camera  or  plate  holder,  the  box  is  made 
square,  and  the  inside  dimensions  of  the  plate  holder  are 
such  as  to  permit  of  placing  the  plate  either  horizontally  or 
vertically,  according  to  the  subject  to  be  photographed. 
The  plate  holder  is  5^  inches  square  inside,  and  is  provided 
with  a  wooden  back  of  sufficient  thickness  to  support  the 
hooks  employed  for  holding  the  plate.  There  are  four 
V-shaped  wire  hooks,  a,  at  the  bottom  of  the  holder,  two 
for  receiving  the  end  edge  of  the  plate,  and  two  farther 
apart,  and  arranged  higher  up,  for  receiving  the  side  edge 
of  the  plate  ;  and  near  the  top  of  the  holder  there  are  three 
Z-shaped  hooks,  a,  one  in  the  center  for  engaging  the  end 
edge  of  the  plate,  and  one  near  each  side  of  the  holder  for 
receiving  the  side  edge  of  the  plate.  The  top  of  the  frame 
is  slotted,  and  the  sides  and  bottom  are  grooved  to  receive 
the  slide,  which  covers  the  plate  before  and  after  exposure. 
To  the  under  surface  of  the  upper  part  of  the  frame  of  the 
plate  holder  is  attached  a  looped  strip  of  elastic  black  cloth, 
such  as  broadcloth  or  beaver,  which  closes  over  the  slot  of 
the  plate  holder,  as  shown  at  10,  Plate  V.,  when  the  slide  is 
withdrawn,  and  thus  shuts  out  the  light.  The  interior  of 
the  plate  holder,  as  well  as  the  slide,  should  be  made  dead 
black,  by  applying  a  varnish  made  by  adding  three  or  four 
drops  of  shellac  varnish  to  one  ounce  of  alcohol,  and  stirring 
in  lampblack  until  the  required  blackness  is  secured. 

The  main  frame  of  the  camera  box  is  made  square,  and 
is  secured  at  right  angles  to  the  base  board.  The  frame  is 
provided  with  a  narrow  bead  or  ledge  that  will  enter  the 
front  of  the  plate  holder  and  exclude  the  light. 

To  the  front  of  the  frame  are  secured  four  trapezoidal 
pieces  of  pasteboard,  of  the  form  and  size  given  at  6.  These 
pieces  of  pasteboard  are  secured  to  each  other  and  to  the 
camera  box  frame  by  tape,  glued  on  as  shown.  If  the  box  is 
made  of  junk  board,  it  may  be  nailed  together  with  wire  nails. 
In  this  manner  a  pyramidal  box  is  formed  which  is  strong, 
light,  and  compact.  In  the  smaller  end  of  the  box  is  fitted 
the  beveled,  centrally  apertured  block  shown  at  7.  The 
aperture  of  this  block  must  be  made  to  fit  the  camera  tube 
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shown  at  i  and  2,  after  having  received  a  lining  of  plush  or 
heavy   felt.       The    camera    tube    ma}'    consist    of    paper    or 


metal.    Paper  answers  well,  and  costs  nothing.    The  internal 
diameter  of  the  tube   is   determined  by  the  diameter  of  the 
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lenses.  Ordinary  meniscus  spectacle  lenses  of  eight  inch 
focus  are  employed.  These  lenses  are  secured  in  place 
by  paper  rings,  shown  at  3,  the  inner  rings  being  glued  in 
place,  the  outer  ones  being  made  removable  for  convenience 
in  cleaning  the  lenses.  Tlie  lenses  are  arranged  with  their 
convex  sides  outward;  the  distance  between  them  is  ij 
inches,  and  in  one  side  of  the  tube,  half  way  between  the 
lenses,  is  made  a  slot  to  receive  the  diaphragms,  as  shown  at 
I  and  2.  Upon  each  side  of  the  slot,  within  the  tube,  are 
secured  flat  rings,  shown  at  4,  which  together  form  a 
guide  for  the  diaphragms,  as  shown  at  2    Plate  V. 

The  tube  is  adjusted  at  the  proper  focal  distance  from 
the  plate  by  temporarily  securing  at  the  back  of  the  box  a 
piece  of  ground  glass  or  tracing  paper,  in  exactly  the  same 
plane  as  that  occupied  by  the  plate  in  the  plate  holder.  The 
tube  is  then  moved  back  and  forth  until  a  focus  is  obtained 
which  shows  the  image  fairly  sharp  throughout  the  field.  In 
arranging  for  a  fixed  focus,  it  is  perhaps  best  to  favor  the 
foreground  rather  than  the  distance.  The  tube  should 
move  with  sufficient  friction  to  prevent  it  from  being  easily 
displaced.  By  using  a  small  diaphragm,  it  will  be  found 
unnecessary  to  focus  each  object  separately. 

At  12,  Plate  v.,  is  shown  a  combination  of  cheap  lenses, 
which  is  effective  for  portraits  and  for  other  classes  of  work 
in  which  focusing  is  admissible.  It  consists  of  two  meniscus 
lenses,  each  of  8^  inches  focus,  having  their  convex  sides 
arranged  outwardly  and  a  plano-concave  lens,  i6  inches  focus, 
arranged  with  its  concave  side  against  the  concave  side  of 
the  outer  lens  of  the  S3'stem.  The  plano-concave  and  the 
rear  meniscus  lenses  are  arranged  i^-  inches  apart.  Dia- 
phragms may  be  used  as  in  the  other  case,  and  a  box  about 
8  inches  deep  will  be  required. 

The  tripod  is  formed  of  a  triangular  centrall}'  apertured 
board,  to  which  are  hinged  three  tapering  wooden  legs,  by 
means  of  ordinary  butt  hinges,  as  shown  at  ii,  Plate  V. 
The  base  of  the  camera  box  is  secured  to  the  tripod  by 
means  of  an  ordinary  thumb  screw. 

This  outfit  will  enable  the  amateur  to  cultivate  his  tastes, 
and   learn   much   about  photography.     Dry   plates   will,   of 
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course,  be  used.  They  are  procurable  almost  anywhere, 
and  are  inexpensive.  As  to  the  treatment  of  plates  after 
exposure,  and  printing  and  toning,  the  reader  is  referred  to 
the  first  article  in  this  chapter  and  to  the  works  on  pho- 
tography. 

The  amateur  who  possesses  one  of  the  microscopes 
already  described  may  arrange  it  for  projection,  and  may 
insert  the  end  of  the   microscope  tube  in  the  camera  box 

Fig    320. 


Microscope  and  Camera  arranged  for  Photo-Micrography. 


above  described,  after  removing  the  tube,  and  project  the 
image  of  the  microscopic  object  on  the  sensitive  plate,  and 
thus  produce  good  negatives  of  the  objects,  from  which 
prints  may  be  made  which  will  be  interesting  both  to  the 
operator  and  his  friends. 

The  eyepiece  of  the  microscope  referred  to  is  a  very 
good  objective  for  photo-micrography.  Although  special 
objectives  are  made  for  this  purpose,  almost  an}'  good  object- 
ive will  produce  a  good  negative.      In  photographing  micro- 
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scopic  objects,  it  will  be  necessary  to  employ  a  focusing 
ground  glass,  and  to  focus  very  carefully  by  the  aid  of  a 
magnifier. 

Slow  plates  are  preferable  for  this  use,  as  the}^  bring  out 
the  detail  much  better  than  fast  plates.  The  time  of  expos- 
ure will  vary  with  the  object,  from  fifteen  seconds  to  as 
many  minutes.     In  some  cases  the  time  extends  to  hours. 

Fig.  320  shows  the  arrangement  of  the  lantern,  the  micro- 
scope, and  the  camera  box.  It  will  be  noticed  that  the 
annular  space  in  the  end  of  the  camera  box  around  the 
microscope  tube  is  stopped  by  a  black  cloth  wound  loosely 
around  the  microscope  tube.  This  and  other  precautions 
are  necessary  for  preventing  the  light  from  reaching  the 
plate  except  through  the  object  and  the  microscope.* 


DAGUERREOTYPY. 


although 


AGUERREOTYPY 
one  of  the  most  notable  inventions 
of  the  present  century,  is  already 
obsolete.  It  is  nearly  forgotten  by 
those  who  practiced  it,  and  is  not 
preserved  in  all  its  details  in  the 
literature  of  photography.  It  is 
undoubtedly  safe  to  say  that  a 
very  small  proportion  of  profes- 
sional photographers,  and  a  still 
smaller  proportion  of  amateurs, 
have  any  practical  knowledge  of 
the  subject.  It  will  be  remembered  that 
Niepce  and  Daguerre  sought  indepen- 
dently of  each  other  for  a  method  of  pro- 
ducing sun  pictures.  Niepce  at  first  em- 
ployed plates  coated  with  bitumen.  He 
formed  a  partnership  with  Daguerre  in  1829,  hut  died 
before  the  invention  now  known  as  daguerreotypy  was 
perfected. 

After  the  death  of  Niepce,  Daguerre  improved  the  art 

*  For   full   information    upon  this    subject,    the    reader    is    referred    to 
-"Photo-Micrographs   and    How   to    Malfe   Them,"  by  George  M.   Sternberg. 
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to  such  an  extent  that  Niepce's  son  allowed  it  to  go  under 
its  present  name.  Both  inventors  received  annuities  from 
the  government  for  giving  the  invention  to  the  public. 

In  this  country  the  art  was  first  practiced  by  Morse,  and 
was  improved  by  Draper  soon  after  it  was  introduced  here. 

Daguerreotypy  was  very  simple,  easily  understood,  and 
easily  managed,  and  was  learned  by  man}'  who  found  it  a 
light  business,  requiring  little  capital  and  returning  large 
profits. 

The  plates  employed  were  copper  faced  with  silver.  The 
metal  was  hard-rolled,  and  the  plates,  as  received  from  the 

Fig.  321. 


Scouring  the  Plate. 

manufacturers,  were  flat  and  quite  smooth,  but  notpohshed. 
The  first  step  toward  the  preparation  of  tlie  plate  for  use 
was  to  chp  the  corners  and  turn  down  the  edges  slightly,  in 
a  machine  designed  for  the  purpose,  to  bring  the  sharp 
edges  of  the  plate  out  of  reach  of  the  buff  employed  in 
producing  the  necessary  polish. 

The  plate  was  held,  for  scouring,  in  a  block  having  clips 
on  diagonally  opposite  corners  for  engaging  the  corners  of 
the  plate.  One  of  the  chps  was  made  adjustable,  to  admit 
of  readily  changing  the  plates.  The  block  was  mounted 
pivotally  on  a  support  clamped  to  the  table,  as  shown  in 
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The  scouring  was  effected  by  sprinkling  on  the  plate  the 
finest  rottenstone  from  a  bottle  having  a  thin  muslin  cover 
over  its  mouth,  and  the  rottenstone  as  well  as  the  square  of 
Canton  flannel  with  which  it  was  applied  was  moistened 
with  dilute  alcohol.  The  center  of  the  Canton  flannel 
square  was  then  clasped  between  two  of  the  fingers,  and 
moved  round  and  round  with  a  gyratory  motion  until  the 
plate  acquired  a  fine  dead-smooth  surface.  The  last  traces 
of  rottenstone  were  removed  by  means  of  a  clean  square  of 
flannel.  The  plate  was  then  transferred  to  a  block  mounted 
on  a  swinging  support,  and  buffed  by  the  vigorous  applica- 


FiG.  322 


Buffing. 

tion  of  a  straight  or  curved  hand  buff  formed  of  a  board 
about  four  inches  wide  and  thirty  inches  long,  padded  with 
four  or  five  thicknesses  of  Canton  flannel,  and  covered  witli 
buckskin  charged  with  the  finest  rouge.  Scrupulous  cleanli- 
ness was  imperative  in  every  step  of  the  process. 

The  buffs  were  kept  clean  and  dry,  when  not  in  use,  by 
inclosing  them  in  a  sort  of  vertical  tin  oven  (Fig.  322),  which 
was  warmed  by  a  small  spirit  lamp.  A  careful  operator 
would  prepare  a  plate  having  a  bright  black  polish  without 
a  visible  scratch,  while  an  incompetent  or  careless  man 
would  fail  in  this  part  of  the  process,  and  would  prepare 
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plates  full  of  transverse  grooves  and  scratches.  The  beauty 
of  the  picture  depended  ver}'  much  on  the  careful  prepara- 
tion of  the  plate. 

Occasionallv,  a  buff  would  in  some  manner  receive  par- 

FiG.  323. 


The  Rotarv  Buff. 


tides  of  matter  which  would  cause  it  to  scratch  the  plate. 
The  remedy  consisted  in  scraping  the  face  of  the  buckskin, 
and  brushing  it  thoroughl}'  with  a  stiff  bristle  brush,  gen- 

FiG.   324. 


The  Coating  Box. 

erally  a  hair  brush  devoted  especially  to  this  use.  The  buff 
was  then  recharged  by  dusting  on  rouge  from  a  muslin  bag. 
When  the  rotary  buff  wheel  was  adopted,  it  insured 
rapid  work,  but  it  was  otherwise  no  improvement  over  the 
hand  buff.     At  first,  the  wheels  were  made  cylindrical,  but 
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that  incurred  the  necessity  of  an  objectionable  seam  or  joint 
where  the  leather  lapped.  The  conical  buff  wheel  (Fig.  323) 
allowed  of  the  use  of  a  whole  skin,  thereby  dispensing  with 
the  seam. 

After  buffing,  the  plate  was  taken  to  the  dark  room  to  be 


sensitized.  The  room  had  a  side  window,  generally  cov- 
ered with  yellow  tissue  paper,  for  the  examination  of  the 
plate  during  the  process.  The  room  contained  two  coating 
boxes,  one  for  iodine,  the  other  for  bromine.  The  construc- 
tion of  these  boxes  is  clearly  shown  in  Fig.  324,  which  is  a 
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longitudinal  section  of  one  of  them.  The  two  boxes  were 
alike  except  in  the  matter  of  depth  ;  the  bromine  box  being 
about  twice  as  deep  as  the  iodine  box. 

Each  box  contained  a  rectangular  glass  jar  having  ground 
edges.  In  the  top  of  the  box  was  fitted  a  slide  more  than 
twice  as  long  as  the  box.  In  the  under  surface  of  one  end 
of  the  slide  was  fitted  a  plate  of  glass,  adapted  to  close  the 
top  of  the  jar,  and  in  the  opposite  end  of  the  slide  was 
formed  an  aperture  furnished  with  a  rabbet  for  receiving  the 
plate.  Upon  the  top  of  the  slide  was  arranged  a  spring- 
pressed  board,  which  held  the  slide  down  upon  the  top  of 
the  jar. 

On  the  bottom  of  the  jar  of  the  iodine  box  were  strewn 
the  scales  of  iodine,  and  in  the  bromine  box  was  placed 
quicklime  charged  with  bromine.  The  bromine  was  added 
to  the  lime  drop  by  drop,  and  the  lime  occasionally  shaken 
until  it  assumed  a  bright  pink  hue  bordering  on  orange. 
The  lime  was  thus  prepared  in  a  glass-stoppered  jar,  and 
transferred  to  the  jar  of  the  coating  box  as  needed  ;  one 
inch  being  about  the  depth  required  in  the  coating  box. 
The  polished  plate  was  placed  face  downward  first  in  the 
slide  of  the  iodine  box  and  coated  by  pushing  in  the  slide  so 
as  to  bring  the  plate  over  the  iodine  in  the  jar.  It  was  there 
exposed  to  the  vapor  of  iodine  until  it  acquired  a  rich  straw 
color,  the  plate  being  removed  and  examined  by  the  light  of 
the  paper  window,  and  replaced  if  necessary  to  deepen  the 
color.  The  plate  was  then  in  a  similar  manner  subjected  to 
the  fumes  of  the  bromine  until  it  became  of  a  dark  orange 
color.  It  was  then  returned  to  the  iodine  box  and  further 
coated  until  it  acquired  a  deep  brownish  orange  color  bor- 
dering on  purple.  The  time  required  for  coating  the  plate 
depended  upon  the  temperature  of  the  dark  room.  The 
process  was  very  rapid  in  a  warm  room  and  quite  slow  in  a 
cool  room. 

The  plate,  rendered  sensitive  to  the  light  by  the  thin 
layer  of  bromo-iodide  of  silver,  was  placed  in  a  plate  holder, 
and  exposed  in  a  camera  according  to  the  well  known 
method.  The  time  of  exposure  was  much  longer  than  that 
of   modern  photograph}-.     A  great  deal  depended   on  the 
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quality  of  the  lenses  of  the  camera.  The  exposure  in  the 
best  cameras  was  reasonably  short.  The  old  time  gallery, 
with  its  antiquated  camera  and  fixtures,  and  the  dark  room 
with   the    appurtenances,   are   faithfully  represented   an  the 


engravmgs  (Figs.  325  and  326).  After  exposure,  the  plate 
was  taken  to  another  dark  room  for  development.  It  was 
placed  face  downward  over  a  ifaring  iron  vessel  (Fig.  327), 
in  the  bottom  of  which  there  was  a  small  quantity  of  pure 
mercury.     The  mercury  was  maintained  at  a  temperature  of 
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120°  to  130^  Fah.  by  means  of  a  small  spirit  lamp.  The  tem- 
perature was  measured  by  a  thermometer  attached  to  the 
side  of  the  vessel.  The  plate  was  raised  occasional!)'  and 
examined  by  the  light  of  a  taper,  until  the  picture  was  fully 
brought  out,  when  it  was  removed  from  the  mercury  bath 
and  fixed.* 

The  fixing  (Fig.  328)  consisted  merely  in  flowing  over 
the  plate  repeatedly  a  solution  of  hyposulphite  of  soda  hav- 
ing sufficient  strensrth  to  remove  in  about  half  a  minute  all 

Fig.  327- 


Developing  the  Plate. 

the  bromo-iodidc  of  silver  not  acted  upon  b}'  light.  The 
plate  was  then  thoroughly  washed,  and  afterward  gilded  or 
toned  bv  pouring  upon  it   a    weak  solution   of  chloride   of 

*  A  fortunate  accident  led  to  the  discovery  of  the  development  of  the 
photographic  impression  by  means  of  the  vapor  of  mcrcurv.  Previous  to 
this  discovery,  the  image  was  brought  out  by  a  long-continued  exposure  in 
the  camera.  Daguerre  on  one  occasion  placed  some  under-exposed  plates, 
which  were  considered  useless,  in  a  closet  in  which  there  were  chemicals. 
Afterward,  happening  to  look  at  the  plates,  he  was  astonished  to  find  an 
image  upon  them.  After  taking  one  chemical  after  another  from  the  closet 
until  apparently  all  were  removed,  the  images  on  his  plates  were  still  mys- 
teriously developed.  At  length  he  discovered  on  the  floor  an  overlooked 
dish  of  mercury,  and  the  mysten,'  was  solved.  He  ascertained  that  the 
effects  produced  by  mercury  vapor  spontaneously  given  off  could  be  secured 
at  will  by  suitable  apparatus. 
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gold  and  heating  it  gently  b}'  means  of  a  spirit  lamp  until  a 
thin  film  of  gold  was  deposited  upon  the   plate  and  the  pic- 


Fig.   328. 


Fixing. 

ture  attained  the  desired  tone.  The  plate  was  then  washed 
in  clean  water,  and  finally  dried  evenly  and  quickly  over  a 
spirit  lamp. 

Fig      ?2q 


r    -I 


Gilding;  or  Toning. 

This  operation  added  to  the  strength  and  beauty  of  the 
picture,  and  also  served  to  protect  the  surface  of  the  plate 
to  a  great  extent  against  the  action  of  gases. 
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The  finished  picture  was  protected  by  a  cover  glass,  and 
the  edges  of  the  glass  and  plate  were  securely  sealed  by  a 
strip  of  paper  attached  by  means  of  an  adhesive  coating. 

Later  on  a  metallic  binding  was  added,  which  was  called 
the  "preserver."  The  pictures  thus  mounted  were  fitted 
to  cases  and  frames  which  were  more  or  less  elaborate, 
varying  in  cost  from  a  few  cents  to  many  dollars.  Many 
daguerreotypes  were  inserted  in  gold  lockets  and  charms, 
and  occasionally  they  were  fitted  to  finger  rings  made  to 
receive  them. 
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CHAPTER  XVI. 

MAGNETISM. 

Nature  furnishes  permanent  magnets  "ready  made,"  the 
lodestone  being  an  example  of  such  a  magnet.  She  is  able 
to  induce  magnetism  in  magnetic  bodies,  the  earth  itself 
being  the  great  magnet  by  which  the  induction  effects  are 
secured.  It  is  to  the  directive  force  of  this  great  magnet 
that  the  compass  owes  its  value. 

The  magnetism  of  the  lodestone  is  due^  doubtless,  to  a 

Fig.  330. 


Magnetism  by  Induction  from  the  Earth. 

long  exposure  to  the  inductive  influence  of  the  earth's  mag- 
netism. Any  body  of  magnetic  material  becomes  tempora- 
rily magnetized  to  some  extent  when  placed  in  the  magnetic 
meridian  parallel  with  the  dipping  needle,  and  if  it  be  a  body 
like  soft  iron,  withovit  coercive  force,  it  loses  its  magnetism 
when  arranged  at  right  angles  to  this  position  in  the  same 
plane.  This  may  be  shown  by  placing  a  rod  of  well-annealed 
wrovight  iron  in  the  magnetic  meridian  in  an  inclined  posi- 
tion, with  the  lower  end  toward  the  north,  as  indicated  in 
the  dotted  lines  in  Fig.  330,  with  its  upper  end  in  close 
proximity  to  the  end  of  a  compass  needle.  The  needle  will 
be  instantly  deflected,  showing  that  the  rod  has  become 
magnetic.     When  turned  in  the  plane  of  the  magnetic  meri- 
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dian  to  a  position  at  right  angles  to  its  former  position,  it 
will  lose  its  magnetism  and  will  not  repel  the  needle.  By 
placing  a  bar  of  hardened  steel  in  the   magnetic  meridian 

Fig.   331. 


Development  of  M.ignetism  by  Torsion. 

and  striking  it  several  blows  on  the  end  with  a  hammer, 
it  becomes  permanently  magnetic,  not  strongly,  but  suffi- 
ciently to  exhibit  polarity  when  presented  to  a  magnetic 
needle. 

By  twisting  a  rod  of  soft  iron  having  one  of  its  ends  in 

Fig.  332.  .  Fig.  333. 


Magnetization  of  Bars. 


>lagnetization  of  U-Shaped  Bars. 


pro.ximity  to  a  magnetic  needle,  it  is  shown  by  the  deflec- 
tion of  the  needle  that  magnetism  is  developed  by  torsion 
(Fi&-  11'^)-  -By  this  and  similar  experiments  it  may  be 
shown  that  stress  and  compression  favor  magnetization. 
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Artificial  magnets  are  produced  by  the  contact  of  hard- 
ened steel  with  magnets  or  by  means  of  the  voltaic  current. 
The  latter  is  the  more  effective  method,  provided  a  strong 
current  and  a  suitable  helix  or  electro-magnet  is  available. 
For  the  magnetization  of  bars  of  steel  a  helix  like  that  shown 
in  Fig.  332  is  needed.  Its  size  and  the  amount  of  current 
required  will,  of  course,  depend  upon  the  size  of  the  bar  to 
be  magnetized.  For  all  bars  up  to  -|  inch  diameter,  a  helix 
f  inch  in  internal  diameter,  2  inches  external  diameter,  and 
2^  inches  long,  made  of  No.   16  magnet    wire,    is   sufficient. 


Fig.  334. 


Motion  produced  by  a  Permanent   Magnet. 

A  current  from  five  or  six  cells  of  plunging  bichromate 
battery  is  required,  or  in  heu  thereof  a  similar  current 
from  a  dynamo. 

The  bar  to  be  magnetized  is  hardened  at  the  ends  and 
placed  in  the  hehx,  the  current  is  then  applied,  and  the 
helix  is  moved  from  the  center  of  the  bar  to  one  end,  then  to 
the  opposite  end  and  back  to  the  center,  when  the  current 
is  discontinued,  and  the  bar  is  removed.  If  several  bars  are 
to  be  magnetized,  they  may  be  placed  end  to  end,  and  passed 
through  the  coil  in  succession.  The  magnetization  of  U-shaped 
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bars  may  be  accomplished  by  means  of  an  electro-magnet 
formed  of  two  coils  above  described  and  a  suitable  soft  iron 
core  (Fig.  333).  The  U-shaped  bar  is  placed  on  the  poles  of 
the  electro-magnet  as  shown,  when  the  current  is  sent 
through  the  coils  for  a  short  turn  and  then  interrupted. 
Another  method,  which  is  perhaps  more  effectual,  consists 
in  drawing  the  U-shaped  bar  several  times  across  the  poles 
of  the  electro-magnet. 

In  the  search  for  perpetual  motion,  vain  efforts  have  been 
made  to  discover  a  substance  which  could  be  interposed 
between  the  magnet  and  its  armature,  and  removed  without 
the  expenditure  of  power,  and  which  would  intercept  the 
lines  of  force,  so  as  to  allow  the  armature  to  be  alternately 
drawn  forward  and  released,  but  no  such  substance  has  ever 

Fig.   335- 


Effect  of  the  Armature. 

been  discovered.  The  lines  of  force  may  be  intercepted  by 
a  plate  (.)f  soft  iron  placed  between  the  magnet  and  its  arma- 
ture, but  it  requires  more  power  to  introduce  the  plate  into 
the  magnetic  field,  and  withdraw  it  therefrom,  than  can  be 
recovered  from  the  armature.  Fig.  334  illustrates  an  ex- 
periment showing  how  motion  may  be  produced  by  the 
force  of  a  permanent  magnet.  An  armature  is  suspended 
by  threads  in  the  field  of  a  permanent  magnet.  The  mag- 
net attracts  the  armature,  slightly  deflecting  its  suspension 
from  a  true  vertical  line.  The  introduction  of  a  soft  iron 
plate  between  the  magnet  and  its  armature  intercepts  the 
lines  of  force,  thus  releasing  the  armature,  when  it  swings 
back  under  the  influence  of  gravity.  If  at  this  instant 
the  iron  plate  is  withdrawn,  the  magnet  again  acts  upon  the 
armature,  drawing  it  forward.     Another  introduction  of  the 
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iron  plate  into  the  field  again  releases  the  armature,  when  it 
swings  back,  this  time  a  little  farther  than  before.  By  mov- 
ing the  iron  plate  in  this  manner  synchronously  with  the 
oscillations  of  the  armature,  this  may  be  made  to  swing 
through  a  large  arc. 

When  a  piece  of  soft  iron  is  placed  in  direct  contact  with 
the  poles  of  a  permanent  magnet,  the  magnetic  force  is 
nearly  all  concentrated  upon  the  soft  iron,  so  that  there  is 
very  little  free  magnetism  in  the  vicinity  of  the  poles  of  the 
magnet.     This  ma}^  be  readily  shown  by  arranging  a  U-mag- 

FlG    336. 


Permanent  Magnet  and   Bar  magnetized  by  Induction. 


net  parallel  with  the  magnetic  meridian,  placing  in  front  of 
and  near  the  poles  of  the  magnet  a  compass  so  adjusted  with 
reference  to  the  poles  as  to  cause  the  needle  to  rest  at  right 
angles  to  the  magnetic  meridian,  then  applying  to  the  poles 
of  the  magnet  a  massive  armature.  It  will  be  found  that  the 
needle,  under  these  conditions,  immediately  tends  to  assume 
its  normal  position,  showing  that  the  power  of  the  magnet 
over  the  needle  has  been,  to  a  great  extent,  neutralized.  By 
rolling  a  cylindrical  armature  along  the  arms  of  the  U-mag- 
net,  as  shown  in  Fig.  335,  it  is  found  that  as  the  armature 
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recedes  from  the  poles  of  the  magnet  the  influence  of  the 
magnet  upon  the  compass  needle  is  increased,  while  the 
movement  of  the  armature  in  the  opposite  direction  dimin- 
ishes the  power  of  the  magnet  over  the  needle. 

In  Fig.  336  is  illustrated  an  example  of  temporary  mag- 
netization by  induction,  and  of  the  effect  of  a  permanent 
magnet  on  the  iron  so  magnetized,  showing  that  the  iron  bar 
inductivelv  magnetized  acts  like  a  permanentl}^  magnetized 
needle.  The  soft  iron  bar  is  freely  suspended,  and  receives 
its  magnetism  from  the  fixed  magnet.  The  end  of  the  sus- 
pended bar  adjacent  to  the  N  pole  of  the  magnet  becomes 
S,  as  may  be  shown  by  presenting  to  it  the  S  pole  of  another 
permanent  magnet.     The  S  end  of  the  swinging  bar  will  be 


Neutralizing  Effect  of  an  Opposing  Pole. 

immediately  repelled.  If  the  S  end  of  the  permanent  mag- 
net be  presented  to  the  opposite  end  of  the  suspended  bar, 
the  reverse  of  what  has  been  described  will  take  place,  i.  c, 
that  end  of  the  bar  will  be  attracted,  showing  that  its  polar- 
ity is  N. 

In  Fig.  337  is  illustrated  an  experiment  showing  the 
neutral  effect  produced  by  induction  from  two  dissimilar 
magnetic  poles.  A  bar  of  soft  iron  is  arranged  near,  but 
not  in  contact  with,  the  pole  (say  the  N  pole)  of  a  magnet,  so 
that  it  becomes  magnetized  by  induction  to  such  an  extent  as 
to  support  a  nail.  The  N  pole  of  the  magnet  produces  S 
polarity  in  the  end  of  the  soft  iron  bar  adjacent  to  it  and  N 
polarity  in  the   opposite  end.     The  S  end  of  another  per- 
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manent  magnet  presented  to  the  same  end  of  the  iron  bar 
will  produce  exactly  the  opposite  effect  in  the  bar,  and  will, 
therefore,  neutralize  the  magnetism  induced  in  the  bar  by 
the  first  magnet,  and  cause  the  nail  to  drop. 

A  similar  effect  is  produced  when  the  iron  bar  is  in  actual 


Neutral  Point  between  Unlike  Poles. 


contact  with  the  N  pole  of  a  magnet  and  the  S  pole  of  another 
magnet  is  brought  into  contact  with  the  opposite  end  of  the 
bar,  as  shown  in  Fig.  338.  The  nail  will  adhere  to  the  bar 
when  either  magnet  alone  is  in  contact  with  the  bar ;  but 
when  dissimilar  poles  are  brought  into   contact  with  oppo- 

FiG.  339. 


SafltJ.f. 


Consequent   Pole. 


site  ends  of  the  bar,  its  middle  portion  becomes  neutral,  and 
is  no  longer  able  to  support  the  nail. 

When  like  magnetic  poles  are  presented  to  the  ends  of  the 
iron  bar,  as  in  Fig.  339,  a  strong  consequent  pole  is  devel- 
oped in  the  center  of  the  bar,  which  is  of  the  same  name  as 
that  of  the  ends  of  the  magnets  touching  the  bar. 
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MAGNETIC    CURVES. 

A  great  deal  may  be  learned  about  the  properties  of 
magnets  by  causing  them  to  delineate  their  own  character- 
istics. The  common  method  of  doing  this  is  to  form  mag- 
netic curves  by  dusting  iron  tilings  on  a  glass  plate,  then 
jarring  the  plate  to  cause  the    particles  to  arrange  them- 

Fio.  340. 


The   Formation  of  Magnetic  Curves. 


selves  parallel  with  the  lines  of  force  extending  from  the 
magnetic  poles.  The  figures  thus  formed  are  not,  of  course, 
entirely  autographic:  and  as  they  tend  to  develop  in  lines, 
they  convev  the  erroneous  idea  that  the  lines  of  force,  as 
spoken  of  in  connection  with  magnets,  are  reallv  separate 
lines  or  streams  of  force. 

There  is  no  way  of  exactl}'  representing  the  magnetic 
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field  of  force  by  forms  or  figures,  but  the  annexed  engrav- 
ings serve  to  illustrate  a  metliod  of  forming  and  fixing 
curves  which  has  some  advantages  over  the  method  refer- 
red to  above.  The  magnetic  particles  fall  in  the  position 
in  which  they  are  to  remain,  and  no  jarring  is  required. 

To  make  a  flat  plate  for  lantern  projection  or  individual 
use,  a  plate  of  glass  flowed  with  spirit  varnish  is  laid  upon 
the  magnet,  and  iron  dust  reduced  from  the  sulphate,  or  fine 
filings,  or  dust  from  a  lathe  or  planer,  is  applied  by  means  of 
a  small  magnet  in  the  manner  indicated  in  Fig.  340.  The 
small  magnet  in  this  case  consists  of  two  magnetized  carpet 
needles  inserted  in  a  cork,  with  unlike  projecting  poles 
arranged  about  one-quarter  of  an  inch  apart.  A  little  of  the 
iron  dust  is  taken  up  on  the  small  magnet,  and  the  slightly 

Fig.  341. 


Magnetic  Curves  in  Relief. 

adhering  particles  are  shaken  off.  The  remaining  portion 
is  then  disengaged  from  the  small  magnet  by  rapping  the 
magnet  with  a  pencil,  the  small  magnet  being  held  above 
the  poles  of  the  larger  one.  The  particles  having  been  pol- 
arized by  the  small  magnet,  arrange  themselves  in  the 
proper  position  while  falling.  Several  applications  of  the 
iron  dust  will  be  required  to  complete  the  figure.  Of 
course  the  iron  must  be  applied  before  the  varnish  dries, 
and  the  plate  should  be  allowed  to  remain  on  the  magnet 
until  dry. 

To  make  the  curves  in  relief,  as  shown  in  Fig.  341,  a 
slightly  different  method  is  employed.  The  glass  plate  is 
warmed,  coated  with  paraffine,  and  allowed  to  cool.  It  is 
then  placed  on  the  magnet,  and  proceeded   with   as   in  the 
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Other  case.  With  care  the  curves  can  be  built  up  to  a  con- 
siderable height,  especiall}"  if  the  larger  magnet  be  a  strong 
one.  Iron  filings  or  turnings  of  medium  fineness  are 
required  in  this  case. 

When  the  curves  have  assumed  the  desired  proportions, 
a  few  very  fine  shreds  of  paraffine,  scraped  from  a  paraffine 
block  or  candle,  are  deposited  very  gently  on  the  curves, 
and  melted  by  holding  above  them  a  hot  shovel.  More 
shreds  are  then  added  and  the  hot  shovel  is  again  applied, 
and  so  on  until  the  mass  of  iron  filings  is  saturated  with 
paraffine,  when  it  is  allowed  to   cool.     The  plate  to  which 

Fig.   342 


Arborescent  Magnetic  Figures. 


the  filings  are  now  attached  may  be  removed  from  the  mag- 
net after  having  applied  the  armature,  if  it  be  a  permanent 
magnet,  or  after  interrupting  the  current,  if  it  be  an  electro- 
magnet, when  the  curves  will  retain  their  position. 

The  arborescent  figures  shown  in  Fig.  342  are  built  upon 
a  cap  of  brass,  which  incloses  the  poles  of  the  magnet  sepa- 
rately. The  magnet  in  this  case  is  arranged  with  its  poles 
downward.  The  fixing  of  these  curves  is  somewhat  diffi- 
cult, on  account  of  being  obliged  to  work  under  the  plate, 
but  it  can  be  accomplished  bv  proceeding  in  the  manner 
described.     Instead  of  the  hot  shovel,  an  alcohol  lamp  or 
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Bunsen  burner  is  used  in  this  case  for  melting  the  paraffine, 
but  considerable  care  is  required   to   prevent  the   iron  dust 


from    burning. 


The    figure 


Fig 


343- 


when  cool  may  be  removed 
from  the  magnet  and  pre- 
served. 

FLOATING    MAGNETS. 

The  ordinary  magnetic 
fish,  ducks,  geese,  boats,  etc., 
are  examples  of  floating  mag- 
nets, which  show  in  a  very 
pleasing  way  the  attraction 
and  repulsion  of  the  magnet. 
The  little  bar  magnet  accom- 
panying  these  toys  serves  as  a 
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Floating  Magnetic  Figures. 

wand  for  assembling  or  dispersing  ths  floating  figures;  or 
it  may  serve,  in  the  hands  of  the  juvenile  experimenter,  as 

a  baited  fish  hook. 

Fig.  344, 


Mayer's  Floating  Needles, 

Prof.  A.  M.  Mayer  has  devised   an  arrangement  of  float- 
ing magnetic  needles  which  beautifully  exhibits  the  mutual 
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repulsion  of  similarly  magnetized  bodies.  A  number  of 
strongl_v  magnetized  carpet  needles  are  inserted  in  small 
corks,  as  shown  in  Fig.  344. 

When  floated,  these  needles  arrange  themselves  in  sym- 
Fi>,.  345,  metrical  groups,  the   forms  of   the  groups 

var3-ing  with  the  number  of  needles. 

One  pole  on  a  bar  magnet  held  over  the 
center  of  a  vessel  containing  the  floating 
needles  will  disperse  the  needles,  while  the 
other  pole  will  draw  them  together. 

ROLLING   ARMATURE   AND   MAGNETIC   TOP. 
The  rolling  armature  applied  to  a  long 

Fig.   346. 


Magnetic  Top. 


Magnet  and  Roll- 
ing  Armature. 

U-magnet  exhibits  the  persistency  with  which  an  armature 
adheres  to  a  magnet.  The  wheel  on  the  cylindric  arma- 
ture acquires  momentum  in  rolling  down  the  arms  of  the 
magnet  which  carries  it  across  the  polar  extremities  and  up 
the  other  side  (Fig.  345). 

A  very  pretty  modification  of  this  toy  has  recently  been 
devised.  It  consists  of  a  top  with  a  magnetic  spindle  and 
straight  and  curved  iron  wires  (Fig.  346).  The  top  is  spun 
by  the  thumb  and  fingers  in  the  usual  way,  and  one  of  the 
wires  is  placed  against  the  side  of  the  point  of  the  spindle. 
The  friction  of  the  spindle  causes  the  wire  to  shoot  back  and 
forth  with  a  very  curious  shuttle  motion.  The  point  of  the 
top  rolls  first  along  one  side  of  the  wire  and  then  along  the 
other  side. 
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CHAPTER  XVII. 

FRICTIONAL   ELECTRICITY. 

Many  different  views  have  been  entertained  regarding 
the  nature  of  electricity,  but  notwithstanding  the  multipli- 
city of  electrical  inventions  and  discoveries  and  their  numei"- 
ous  practical  applications,  the  problem  of  the  real  nature  of 
electricity  remains  unsolved.  Recent  experiments,  however, 
have  shown  quite  conclusively  that  electricity,  like  light, 
heat,  and  sound,  is  a  phenomenon  of  wave  motion.     Laws 

Fig.  347. 


Attraction  and  Repulsion  of  Pith  Balls  by  an  Electrified  Rod. 

governing  its  various  manifestations  have  been  discovered, 
so  that,  knowing  the  conditions  of  its  production  and  use, 
results  can  be  determined  with  certainty. 

Electricity  is  evoked  from  bodies  b}'  friction,  pressure, 
chemical  action,  and  other  causes.  A  glass  rod  or  stick  of 
sealing  wax  rubbed  with  dry  silk  or  ffannel  becomes  electri- 
fied, so  that  when  it  is  held  over  bits  of  paper  or  small  pith 
balls,  as  shown  in  Fig.  347,  these  will  leap  at  once  to  the 
glass  or  sealing  wax,  and  after  a  brief  contact  they  will  be 
repelled,  to  be  again  attracted  and  repelled,  and  so  on. 

It  is  a  matter  of  indifference  whether  the  rod  be  of  glass 
or  sealing  w"ax;  the  result  is  the  same.  It  is  easy  to  deter- 
mine by  a  very  simple  experiment  that  the  electrification  of 
the  glass  rod  differs  from  that  of  the  sealing  wax.  A  pith 
ball  is  suspended  by  a  silk  thread  from  an  insulating  stand- 
ard, and  when  an  electrified  glass  rod  is  brought  near  the 
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pith  ball,  the  latter  is  immediatel}-  attracted,  and  after  a 
brief  contact  is  repelled. 

The  attraction  of  the  pith  ball  by  the  electrified  glass  is 
due  to  the  electrification  of  the  ball  in  the  opposite  sense  by 
induction  from  the  glass  rod. 

Bodies  oppositely  electrified  mutually  attract  each  other. 
When  the  pith  ball  touches  the  glass  rod,  its  former  charge 
of  electricity  becomes  neutralized,  and  it  receives  a  charge 
by  conduction  which  is  like  that  of  the  glass  rod.     The  two 

Fig.   34S. 


Electric   Pendulum. 


bodies  being  now  similarly  electrified,  the  pith  ball  is 
repelled.  Bodies  having  like  charges  of  electricit}-  mutu- 
ally repel  each  other.  Now,  while  the  pith  ball  is  charged 
with  electricit}'  received  by  conduction  from  the  glass,  if  an 
electrified  stick  of  sealing  wax  be  brought  near  the  pith 
ball,  the  latter  will  be  at  once  attracted  b}-  the  former,  thus 
showing  the  electrification  of  the  two  bodies  to  be  different. 

Two  glass  rods  delicately  suspended  by  silk  threads,  and 
electrified,  will  repel  each  other. 

Two  sticks  of  sealing  wax  treated  in  like  manner  will  act 
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Fig.  349, 


toward  each  other  in  the  same  way ;  but  if  one  of  the  elec- 
trified glass  rods  be  brought  near  one  of  the  electrified 
sticks  of  sealing  wax,  there  will  be  mutual  attraction. 

These  two  manifestations  of  electricity  were  originally 
called  vitreous  and  resinous  electricity^  in  consequence  of 
being  developed  respectively  upon  glass  and  resin.  Now, 
however,  that  which  is  evoked  from  glass  is  known  as  posi- 
tive electricity,  and  that  from  resin  as  negative  electricity, 
but  these  are  merely  con- 
venient conventional  names 
given  to  opposite  phases  of 
the  same  thing. 

An  electroscope  is  an  in- 
strument for  determining  the 
presence  and  kind  of  electri- 
city. 

The  electroscope  in  its 
simplest  form  is  shown  in  Fig. 
349.  It  is  far  more  sensitive 
than  the  electrical  pendulum, 
and  may  be  used  in  many  in- 
structive experiments. 

It  consists  of  a  small  flask 
or  bottle,  through  the  stopper 
of  which  is  inserted  a  brass 
wire  having  at  its  upper  end 
a  metal  ball  and  at  its  lower 
end  a  hook  bent  out  horizon- 
tally to  receive  two  strips  of  very  thin  metal  leaf,  either 
Dutch-metal  leaf,  silver  or  gold  leaf,  or  alumimnn  leaf,  the 
latter  on  account  of  its  extreme  lightness  being  preferable. 
The  strips,  which  are  three-eighths  inch  wide  and  two 
inches  long,  are  fastened  to  the  top  ot  the  wire  hook  by 
means  of  gum  or  even  saliva  alone. 

To  determine  when  a  bod}'  is  electrified,  present  it  to  the 
ball.  If  the  lea\'es  mutually  repel  each  other  and  diverge, 
electricit)'  is  present.  A  slight  touch  of  a  glass  rod,  a  rub- 
ber comb  (^r  ruler,  or  a  wooden  ruler,  upon  the  clothing  or 
carpet,  or  even  uj^'tu  a  wooden  surface,  develops  electricity 
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in  sufficient  quantities  to  affect  tlie  electroscope.  Very  little 
friction  is  required  to  evoke  a  perceptible  amount  of  elec- 
tricity. One  movement  of  the  clothes  brush  upon  the 
clothes  or  carpet  affects  the  electroscope  from  a  long  dis- 
tance. A  feather  duster  brushed  once  over  a  varnished 
chair  will  cause  the  leaves  of  the  electroscope  to  diverge  at 
a  distance  of  eight  to  ten  feet,  the  effect  in  this  case  being 
produced  by  electrical  induction,  more  full}'  described  later 
on.  An  ordinary  elastic  rubber  band  drawn  across  the  edge 
of  the  desk  develops  sufficient  electricity  to  widely  diverge 


Experiment  with  Electroscope. 

the  leaves.  The  rubber  band  affords  a  curious  example  of 
the  distribution  of  electricity  on  an  extensible  surface.  If 
after  electrification  the  rubber  band  is  held  over  the  electro- 
scope, and  alternately  elongated  and  allowed  to  contract, 
the  leaves  of  the  electroscope  will  be  seen  to  converge  when 
the  band  is  stretched,  and  to  diverge  when  the  band  con- 
tracts. 

If  a  piece  of  paper,  folded  like  a  fan  and  well  dried,  is 
struck  several  times  with  a  dry  silk  handkerchief  or  woolen 
cloth,  and  afterward  alternately  closed  and  opened  over  the 
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electroscope,  as  shown  in  Fig.  350,  the  reverse  of  what 
occurred  in  the  case  of  the  rubber  band  wilL  happen.  Tliat 
is,  when  the  paper  is  stretched  out  the  leaves  will  diverge, 
and  when  it  is  closed  up  they  will  fall  together,  showing 
that  in  the  latter  case  the  electricity  is  masked. 

There  are  many  other  interesting  experiments  that  may 
be  tried  with  the  electroscope  in  connection  with  simple 
objects  that  may  be  found  anywhere. 

A  toy  exhibiting  some  of  the  phenomena  of  frictional 
electricity  is  shown  in  Fig.  351.  It  has  received  the  name 
of  Ano-Kato.     It  is  a  flaring  box  lined  with  tin  foil,  covered 

Fig.  351. 


oc/iMi'ir 


Ano-Kato. 


with  a  piece  of  ordinary  window  glass,  and  containing  fig- 
ures made  of  pith. 

By  rubbing  the  glass  with  a  leather  pad  charged  with 
bisulphide  of  tin,  the  electrical  equilibrium  is  disturbed, 
and  the  figures  are  attracted  and  repelled,  and  made  to  go 
through  all  sorts  of  gymnastics. 

An  interesting  example  of  the  mutual  repulsion  of  simi- 
larly electrified  bodies  is  shown  in  Fig.  352. 

For  the  experiment  illustrated,  the  rubber  strips  were 
seventeen  feet  long. 

A  manufacturer  in  handling  some  of  the  rubber  threads 
used  in  making  suspenders  and  other  elastic  webs  noticed 
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that  the  threads  at  times  repelled  each  other.  The  repul- 
sion was  naturally  attributed  to  electrification,  and  the 
experiment  illustrated  was  at  once  suggested.  The  elastic 
rubber  strips  used  in  the  experiment  were  suspended  from 
the  ceiling  in  one  of  the  apartments  of  the  Scientific  Ameri- 


can office,  and  were  electrified  by  simply  brushing  them  over 
with  a  feather  duster.  The  threads  became  more  and  more 
diyergent  as  the  electrification  proceeded,  until  it  finals- 
became  impossible  to  approach  the  threads  without  becom- 
ing entangled  in  them. 
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Upon  gathering  all  of  the  free  ends  of  the  threads  to- 
gether, the  repulsion  of  the  threads  at  their  mid-length 
caused  them  to  separate  widely.  When  once  electrified,  in 
a  dry  day,  the  threads  retain  the  charge  for  hours.  They 
are  discharged  by  connecting  them  with  the  ground  through 
the  body,  and  drawing  them  through  the  hand. 

When  the  mercury'  in  a  barometer  tube  is  agitated,  the 
friction  of  the  mercury  on  the  glass  generates  electricity 
and    produces    effects    which    are    visible    in   the  dark. 

Fig.  353. 


Self-exciting  Geissler  Tube. 


The  self-exciting  vacuum  tube,  shown  in  Fig.  353,  oper- 
ates in  the  same  manner.  The  electrical  effect  is  produced 
by  the  friction  of  mercury  on  the  inner  surfaces  of  the  vacu- 
ous glass  tube,  as  the  tube  is  inverted  or  shaken.  The  tube 
is  ingeniously  contrived  to  prevent  breakage  by  the  falling 
of  the  mercury  against  the  end  of  the  tube,  and  at  the  same 
time  to  increase  the  effectiveness  of  the  device  by  arranging 
two  tubes  concentrically,  the  inner  tube  being  beaded,  and 
provided  with  little  knobs  for  breaking  the  fall  of  the  mer- 
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cur}-.  The  inner  tube  is  sealed  to  the  outer  tube  near  one 
end,  and  in  the  inner  tube,  a  short  distance  above  this  seahng, 
is  formed  an  aperture  which  determines  the  amount  of  mer- 
cury to  be  retained  between  the  inner  and  outer  tubes  when 
the  tube  is  inverted  preparatory  to  use,  as  all  of  the  mer- 
cury between  the  two  tubes  and  above  the  aperture  will  run 
through  the  aperture  into  the  lower  end  of  the  tube.  In 
this  manner  the  mercury  is  equally  divided,  so  that  when 
the  tube  is  reversed,  one-half  of  the  mercury  flows  through 
the  inner  tube,  and  the  other  half  flows  downward  between 
the  inner  and  outer  tubes. 

The  full  effect  is  realized  only  when  the  mercur}'  is 
allowed  to  flow  quickly  from  one  end  of  the  tube  to  the 
other,  but  any  agitation  of  the  mercury  in  the  tube  produces 
some  phosphorescent  light.  This  tube  is  a  beautiful  object 
in  a  dark  room. 

Fig.  354  illustrates  illuminating  apparatus  designed  as 
an  auxiliary  to  bell  buoys  and  whistling  buoys.  It  is  based 
upon  the  generation  of  electricity  by  the  agitation  of  mer- 
cury in  a  high  vacuum  or  in  an  attenuated  gas.  It  involves 
the  same  principle  as  the  self-exciting  vacuum  tube  just 
described.  The  buo}^  represented  in  the  cut  is  adapted  to 
ring  the  bell  by  the  rolling  motion  imparted  to  it  b}-  the 
waves.  Advantage  is  taken  of  this  motion  to  agitate  mer- 
cury in  the  annular  tubes  placed  in  the  upper  portion  of 
the  frame  of  the  buoy.  The  tubes  are  made  very  heavy  and 
strong,  and  each  contains  barriers  for  causing  friction  of 
the  mercury  against  the  sides  of  the  tubes. 

To  insure  the  action  of  one  or  more  of  the  tubes  at  all 
times,  they  are  inclined  at  different  angles.  A  slight  motion 
of  the  buoy  causes  the  mercury  to  travel  circularly  in  the 
tubes  and  generate  sufficient  electricity  to  render  the  tubes 
luminous. 

Among  devices  tried  for  rendering  buoys  luminous  are 
lamps  arranged  to  burn  for  a  long  time,  phosphorescent 
mixtures,  electric  illuminators  supplied  with  the  current 
from  the  shore  by  means  of  a  cable,  and  the  more  recent 
luminous  paint,  which  absorbs  light  by  da}-  and  gives  it 
out   at   night.      Compressed  gas  has  been  employed  with 
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great  success,  some  of  the  buoys  having  been  designed  to 
carry  six  months'  supply  of  gas  and  to  serve  as  lightships. 

ELECTRICAL     MACHINES. 

The  simplest  machine  for  supplying  electricity  in  small 
quantities  is  the  electrophorus,  invented  by  Volta.  It  con- 
sists of  two  parts,  one  being  a  vulcanite  disk  secured  to 
a  metallic  sole  plate,  the  other  a  metaUic  cover  plate  pro- 
vided with  a  handle  of  hard  rubber  or  other  insulating 
material. 

Fig.   355. 


e:>^<jv^l^. 


Electrophorus. 


To  secure  the  best  results,  the  vulcanite  disk  and  metal 
cover  plate  should  be  warmed,  dried,  and  freed  from  dust. 
The  vulcanite  disk  is  rubbed  with  a  piece  of  warm  flannel  or 
a  cat  skin,  when  it  becomes  charged  with  negative  electri- 
city. The  cover  plate  is  then  placed  on  the  vulcanite  disk. 
The  negative  electricity  of  the  vulcanite  disk  acts  induc- 
tively upon  the  cover,  positive  electricity  being  attracted  to 
the  lower  side  of  the  cover,  while  negative  electricity  is 
repelled  to  the  upper  side.  By  touching  the  upper  side  of 
the  cover  while  it  is  still  in  contact  with  the  vulcanite  disk, 
the  negative  electricity  will  pass  from  the  cover  through  the 
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body  of  the  operator  to  the  ground,  and  only  positive  elec- 
tricity will  be  retained  by  the  cover.  If  now  the  cover  be 
raised  from  the  vulcanite  disk  bj^  means  of  the  insulating 
handle,  a  spark  may  be  drawn  from  it.  This  is  due  to  the 
combination  of  the  positive  charge  on  the  cover  with  the 
negative  induced  in  the  hand  b}'  this  charge. 

The  cover  may  be  replaced  upon  the  vulcanite  disk,  and 
the  operation  may  be  repeated  indehnitely,  when  the  condi- 
tions are  favorable,  without  further  excitation.  Instead  of  a 
vulcanite  disk,  a  cake  formed  of  resin,  shellac,  and  a   small 

Fig.   356. 


Winter's  Electrical  Machine. 


proportion  of  Venice  turpentine  may  be  used.  The  mate- 
rials are  melted,  thoroughly  mi.xed,  and  poured  into  a  circular 
tin  pan.  The  cake  thus  formed  is  allowed  to  remain  in  the 
pan,  and  is  used  in  the  same  manner  as  the  vulcanite  disk. 

Winter  of  Vienna  devised  a  simple  frictional  electrical 
machine,  an  inexpensive  form  of  which  is  shown  in  Fig.  356. 
In  the  top  of  the  cast  iron  standard  is  journaled  a  shaft  having 
at  one  end  a  crank  by  which  it  may  be  turned,  and  furnished 
at  the  opposite  end  with  a  pair  of  collars  between  which  is 
clamped  a  vulcanite  disk.  In  a  socket  at  the  base  of  the 
standard  is  inserted  a  forked  bar  of  wood  which  extends 
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upwardly  and  embraces  the  vulcanite  disk,  each  arm  of  the 
fork  being  provided  on  its  inner  face  with  a  silk  or  woolen 
cushion  charged  with  bisulphide  of  tin  and  arranged  to  press 
on  the  disk.  Upon  a  vulcanite  column  rising  from  the  base 
board  near  the  edge  of  the  disk  is  supported  a  metallic  ball, 


to  which  are  attached  metallic  rings  arranged  on  opposite 
sides  of  the  vulcanite  disk,  and  provided  with  a  number  of 
short  points  projecting  inwardly.  To  the  forked  wooden 
bar  is  attached  one  edge  of  a  segmental  silk  case,  which 
incloses  a  portion  of  the  disk  between  the  cushions  and  the 
collector. 
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When  the  machine  is  turned  in  a  right-handed  direction, 
electricity  is  generated  by  the  friction  between  the  cushions 
and  the  disk,  and  the  negative  electricity  is  carried  along  to 
the  collecting  points,  where  it  is  drawn  off  and  accumulated 
upon  the  ball.  The  positive  electricity  escapes  to  the  ground 
through  the  rubbers  and  the  base.  If  the  rubbers  were 
insulated,  positive  electricity  could  be  taken  from  them  by 
connecting  the  insulated  ball  with  the  ground.  The  machine 
will  yield  a  spark  having  a  length  equal  to  about  one-sixth 
of  the  diameter  of  the  disk. 

The  Wimshurst  electrical  machine  is  the  most  recent,  and 
on  some  accounts  it  is  the  best  that  has  been  devised.  It  is 
less  affected  by  atmospheric  conditions,  and  may  be  relied  on 
in  all  weathers  for  results  of  some  kind,  while  the  frictional 
machines  and  the  induction  machines  of  Holtz  and  Toepler 
generally  fail  in  a  damp  atmosphere. 

The  Wimshurst  machine  here  shown  differs  from  the 
ordinary  t)'pe,  mainly  in  having  the  rotary  disks  inclosed  by 
a  hoop,  and  glass  cover  disks  to  excldue  dust  and  moisture, 
the  stationary  disks  being  provided  with  brushes  which  are 
connected  electrically  by  strips  of  tin  foil  secured  to  the 
inner  faces  of  the  outer  disks  by  means  of  shellac. 

This  machine  is  shown  in  perspective  in  Fig.  356^.  Fig. 
357  is  a  vertical  section  taken  through  the  center  of  the 
disks,  and  Fig.  358  is  an  enlarged  horizontal  section  taken 
on  the  line  of  the  collectors. 

The  column  supporting  the  revolving  disks  is  provided 
with  a  hollow  arm  in  which  is  journaled  a  tubular  shaft, 
upon  one  end  of  which  is  mounted  a  disk  of  common  win- 
dow glass  between  two  collars,  the  glass  being  centrally 
apertured*  to  receive  the  shaft,  the  outer  collar  being 
screwed  on. 

The  opposite  end  of  the  tubular  shaft  is  provided  with  a 
grooved  pulley.  A  solid  shaft  placed  within  the  tubular 
shaft,  and  projecting  beyond  the  ends  therei)f,  carries  upon 
one  end  a  glass  disk,  and  upon  the  other  a  grooved  pulley, 
as  in  the  first  case.  The  glass  disks  are  separated  from  each 
other  about  js  inch.     They  are  both  coated  with  shellac  var- 

*  For  hints  on  perforating  glass,   see  chapter  on  mechanical  operations. 


372 


EXPERIMENTAL    SCIENCE. 


nish  and  allowed  to  dry.  To  each  glass  disk  near  its  peri- 
phery are  secured  sixteen  radial  sector  plates  of  tin  foil  or 
thin  brass,  arranged  at  equal  angular  distances  apart.  These 
sectors  are  coated  on  one  side  with  shellac  varnish  and 
allowed  to  dry,  when  they  are  placed  in  position  on  the 
varnished  glass  disks,  varnished  side  down,  and  secured  by 
rubbing  each  one  quickly  with  a  warm,  smooth  iron. 

A  drawing  should  be  made  of  a  glass  disk  Avith  the  sec- 
tors to  be  placed  under  the  disks  as  a  guide  in  locating  the 

Figs.   357  and  358. 


Sectional  Views  of  Modified  Wimshurst  Machine. 


sectors.     Brass  sectors   are  preferable  on  account  of  their 
superior  wearing  qualities. 

The  glass  disks  are  placed  on  their  respective  shafts  with 
the  sectors  outward.  A  ring  of  vulcanite  surrounds  the 
glass  disks  and  is  grooved  internally  to  receive  the  station- 
ary glass  disks,  which  inclose  the  rotarj-  ones.  The  vulcan- 
ite ring  is  divided  at  the  top  and  bottom  to  allow  of  apply- 
ing it  to  the  stationary  plates.  The  rear  plate  is  centrally 
apertured  to  admit  the  tubular  support  of  the  shafts.  The 
vulcanite  ring  is  provided,  at  the  top  and  bottom,  where  it  is 
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divided,  with  vulcanite  dowels,  and  is  supported  by  attach- 
ment at  the  bottom  to  the  base  board,  and  at  the  top  to  a 
wooden  rod  projecting  from  the  upper  end  of  the  column. 

In  diametrically  opposite  sides  of  the  vulcanite  ring, 
and  on  a  level  with  the  axis  of  the  disks,  are  inserted  brass 
rods,  provided  on  their  inner  ends  with  metallic  forks,  the 
arms  of  which  extend  along  the  outer  surfaces  of  the  rotar}^ 
disks  and  are  provided  with  collecting  points,  as  shown  in 
Fig-  3  5 8-  The  outer  ends  of  the  brass  rods  are  furnished 
with  knobs  into  which  are 
inserted  the  supports  of 
the  discharge  rods  or  con- 
ductors. The  latter  are 
provided  with  vulcanite 
handles  by  which  they 
may  be  moved  in  these 
supports  as  may  be  re- 
quired. 

The  stationary  glass 
disks  are  each  provided 
on  their  inner  faces  at  dia- 
metrically opposite  points 
with  small  metallic  sockets, 
attached  to  the  glass  with 
cement,  and  containing 
brushes  of  tinsel  or  very 
fine  brass  wire,  which 
touch  the  rotary  disks 
lightly.  The  brushes  of 
each  pair  are  connected 
by  a  narn^w  strip  of  tin 
stationarj'  glass  disks  may 


Attachment  of  the  Leyden  Jar. 


foil  attached  to  the  glass.  The 
be  turned  in  the  vulcanite  ring 
to  adjust  the  brushes  at  the  required  angle,  which  is  about 
45°  with  the  plane  of  the  collecting  forks. 

One  of  the  rotary  disks  is  driven  by  a  straight  belt,  the 
other  by  a  crossed  belt,  both  belts  being  carried  by  a  doubly 
grooved  wheel  fixed  to  a  shaft  journaled  in  a  standard 
attached  to  the  base.  This  shaft  is  furnished  with  a  crank, 
by  which  it  is  turned. 
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To  secure  good  results  small  Le3'den  jars  or  condensers 
must  be  connected  with  the  conductors,  as  shown  in  Fig. 
359.  To  the  bottom  of  each  jar  is  attached  a  small  chain. 
I'hese  chains  are  brought  into  contact  when  a  detonating 
discharge  is  desired,  and  separated  for  a  silent  discharge. 

The  machine  is  self-exciting  and  yields  sparks  var3^ing  in 
length  from  one-fourth  to  nearly  one-half  of  the  radius  of  the 
rotary  disks,  according  to  the  state  of  the  atmosphere  and 
the  condition  of  the  machine. 

The  machine  illustrated  has  12-inch  rotary  disks  and  14- 
inch  stationar}'  disks. 

Mr.  Wimshurst   has  constructed  the  diagram   (Fig.  360) 


Fig.  360, 


which  shows  the  distribu- 
tion of  the  electricit}'  upon 
the  plate  surfaces  when  the 
machine  is  fully  excited. 
The  inner  circle  of  sia:ns 
corresponds  with  the  elec- 
tricit}'  upon  the  front  sur- 
face of  the  disk.  The  two 
circles  of  signs  between 
the  two  black  rings  refer 
to  the  electricity  between 
the  disks,  while  the  outer 
circle  of  signs  corresponds 
with  the  electricit}^  upon 
the  outer  surface  of  the 
back  disk.  The  inventor  found  by  experiment  that  when 
two  disks  made  of  a  flexible  material  were  driven  in  one 
direction,  they  close  together  at  the  top  and  the  bottom, 
while  in  the  horizontal  diameter  thev  are  repelled.  When 
driven  in  the  reverse  direction,  the  opposite  action  takes 
place. 

EXPERIMENTS    WITH    THE    INDUCTION    MACHINE. 

The  appearance  of  the  spark  when  the  two  conductors  are 
separated  only  a  short  distance  is  shown  in  Fig.  361.  It  leaps 
in  a  straight  line  from  one  electrode  to  another.  When  the 
distance  between  the  electrodes  is  greater,  the  spark  takes  a 
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zigzag  course,  as  shown  in  Fig.  362  ;  and  when  a  very  long 
space   separates   the  electrodes,  the  appearance  of  the  dis- 

FlG.  366. 


Lengthening  the  Spark. 

charge    is  as  illustrated   in   Fig.   363.     In   Fig.  364  the  dis- 
charge   of  positive   electricity  to  a  point  is  exhibited,  and 

Fig.  367. 


Discharge  over  Finely  Divided  Metal. 

in  Fig.  365  the  ends  of  the  discharge  rods  are  shown  as  they 
appear  when  a  considerable  distance  apart,  the  machine  being 
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arranged  for  the  silent  discharge.  The  muhiple  appearance 
of  the  small  spark  of  the  silent  discharge,  \vhen  the  dis- 
charge rods  are  near  together,  is  shown  in  Fig.  ^O^a. 

The  report  of  the  discharge  is  increased  when  a  rubber 
plate  is  held  between  the  rods,  as  in  Fig.  366,  the  spark 
jumping  over  the  edge  of  the  rubber  through  an  increased 
distance.  Thick  cardboard  placed  in  this  position  is  readily 
perforated,  and  the  spark  will  pass  through  a  pamphlet  one- 
fourth  inch  thick. 

Fig.  367  shows  a  glass  plate  eight  inches  square,  furnished 
with  a  coating  of  finely  divided  metal.     It  is  covered  with  a 

Fig,  368. 


Diversion  of  the   Discliarge  by  Moisture. 


coat  of  thick  shellac  varnish  or  other  suitable  cement,  and  is 
thickly  sprinkled  with  brass  or  iron  filings  before  the  varnish 
begins  to  dry.  When  the  varnish  is  thoroughly  dry,  a  band 
of  tin  foil  is  pasted  across  opposite  ends  of  the  glass.  When 
opposite  ends  of  this  plate  are  connected  with  the  conduc- 
tors of  the  machine  by  a  wire  or  otherwise,  the  discharge 
takes  various  courses  o\'er  the  filings,  and  when  the  machine 
is  arranged  for  the  silent  discharge,  the  brilliancy  of  the  spark 
is  diminished,  while  the  rapidity  of  the  discharge  is  greatly 
increased. 

The  support  shown  in  Fig.  367  is  convenient  for  exhibit- 
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ing  this  class  of  experiments.  It  consists  of  a  thick  plate 
of  glass  supported  in  a  slightly  inclined  position  by 
two  wooden  feet.  Two  knobs  furnished  with  large 
flanges  are  cemented  to  the  glass  near  its  lower  edge.     The 

Fig.  369. 


Glow  at  the   Positive  Collector. 


knobs  are  sufficiently  long  to  receive  a  tube  or  anything  of 
that  nature  which  it  is  desired  to  exhibit. 

To  conveniently    connect  the  luminous  panes   with  the 
machine,  two  U-shaped  springs  may  be  clasped  on  the  edges 


Fig.  370. 


Glow  at  the  Negative  Collector. 

of  the  glass,  and  connected  with  the  machine  b}-  large  wires. 
Unless  chains  with  soldered  links  can  be  procured,  wires  or 
rods  with  rounded  ends  are  preferable  for  making  electrical 
connections,  as  chains  afford  numerous  points  for  escape  of 
slectricitv- 
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A  case  of  the  diversion  of  the  electric  discharge  by  ex- 
ceedingly slight  causes  is  illustrated  by  Fig.  368.  l"he  end 
of  a  vulcanite  plate  is  moistened  and  placed  against  the  ends 
of  the  conductors,  and  moved  along  so  as  to  make  a  trac- 
ing of  the  moisture  along  the  surface  of  the  rubber.  The 
discharge  will  follow  these  lines  of  moisture,  however  slight 
they  may  be,  in  preference  to  traversing  the  shorter  route 
between  the  two  conductors. 

As  to  experiments  possible  with  the  induction  machine, 
the}'  are  endless.     The  machine  itself  presents  a  weird  and 

Fig.  371. 


Effect  of  the  Hand  on  the  Discharge. 

interesting  appearance  in  the  dark.  From  the  positive  col- 
lector a  luminous  brush  extends  from  each  point,  as  shown 
in  Fig.  369,  while  on  the  points  of  the  negative  collector 
onlv  stars  or  luminous  points  are  seen,  as  represented  in 
Fig.  370.  Besides  these  effects  the  inductors  glow  with  a 
shimmering  light,  like  the  aurora.  The  brushes  of  the  cross- 
arms  are  luminous,  and  all  conducting  points  near  the 
machine  are  aglow  with  the  lambent  light. 

When  the  machine  is  at  rest,  if  one  hand  is  placed  upon 
the  negative  conductor  and  the  other  hand  is  held  a  short 
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distance  above  the  positive  conductor,  as  shown  in  Fig.  371, 
and  if  an  assistant  turns  the  machine,  beams  of  soft  purple 
light  will  radiate  from  the  knob  at  the  end  of  the  discharge 
rod  toward  the  hand.  In  this  experiment  the  jars  must  be 
disconnected.  No  shock  will  be  experienced  during  this 
experiment  if  it  is  carefully  conducted. 

Geissler   tubes     are    best    exhibited     by     placing    them 
between  the  jars,  allowing  them  to  nearly  touch  the  outer 

Fig.  372.  , 


Discharge  through  a  Geissler  Tube. 

coating  of  the  jars.  (Fig.  372.)  The  conductors  should  be 
placed  one-fourth  inch  apart,  and  the  machine  adjusted  for 
the  silent  discharge.  Care  should  be  taken  in  the  use  of 
tubes  having  long,  sinuous  passages,  such  as  twisted  or  spiral 
tubes  and  the  like,  as  they  are  very  liable  to  be  ruptured  by 
the  spark.  When  such  tubes  are  used,  the  rods  must  be  as 
near  together  as  possible  without  destroying  the  effect. 

Another  method  of  exhibiting  Geissler  tubes  is  to  hold 
them  in  the   hand  parallel  with  the  face  of  the    revolving 


Fig.  373. 
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Tube  with  Interrupted  Conductor. 

plate,  and  about  three  or  four  inches  from  the  large  balls 
through  which  the  discharge  rods  pass. 

When  the  electric  discharge  is  over  an  interrupted  con- 
ductor, a  bright  spark  appears  at  every  interruption.  Fig. 
373  shows  a  tube  wound  spirallv  with  a  narrow  strip  of  tin 
foil,  cemented  to  it  with  starch  paste,  stratena,  or  shellac 
varnish.  After  the  cement  is  thoroughly  hard,  the  tin  foil  is 
separated  at  short  intervals,  say  one-quarter  inch,  with  a 
knife  or  file,  leaving   a  narrow  space  of  about  one  thirty-sec- 
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oncl  inch  between  the  sections.  This  tube  ma}-  be  from 
twelve  to  eighteen  inches  long,  and  for  the  sake  of  protec- 
tion may  be  inclosed  in  another  glass  tube.  A  strip  of  foil 
should  extend  from  the  extremities  of  the  interrupted  strip 
over  the  ends  of  the  outer  tube.  The  inner  tube  may  then 
be  stopped  with  a  cork  at  each  end,  which  is  allowed  to  pro. 
ject  a  short  distance.  These  corks  are  rounded  at  their 
outer  ends,  and  covered  with  rather  thick  tin  foil,  which  is 
allowed  to  extend  a  short  distance  over  the  end  of  the  outer 
tube.  This  tube,  held  by  one  end  in  the  hand  and  presented 
by  its  other  end  to  one  of  the  conductors  of  the  machine, 
exhibits  a   brilliant  luminous  spiral.     The  brilliancy   of  the 


Fie.   374. 


Franklin's   Plate. 


sparks  may  be  increased  by  connecting  the  conductors  with 
the  ends  of  the  tube. 

By  means  of  a  condenser,  large  quantities  of  electricity 
may  be  condensed  upon  a  small  surface. 

The  various  forms  of  condensers  are  alike  in  principle. 
They  consist  essentially  of  two  insulated  conductors  sepa- 
rated by  a  non-conductor. 

The  Franklin  plate  or  fulminating  pane,  shown  in  Fig. 
374,  is  the  simplest  form  of  condenser.  It  is  made  by 
attaching  sheets  of  tin  foil  to  opposite  sides  of  a  pane  of 
window  glass,  leaving  a  space  of  two  inches  all  around.  It 
will   be  found    convenient  to  support  the  glass   upon   two 
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wooden  feet,  as  shown  in  the  engravi.ig.  This  plate  is 
charged  by  connecting  the  tin  foil  on  one  side  with  the 
ground,  and  that  upon  the  other  side  with  one  of  the  con- 
ductors of  the  machine.  It  is  discharged  by  touching 
opposite  sides  with  a  discharger.  By  connecting  opposite 
sides  of  the  plate  with  the  opposite  conductors  of  the 
machine,  the  plate  may  be  charged  so  that  it  will  discharge 
over  its  edges  with  a  loud  report. 

The  Leyden  jar,  shown  in  Fig.  375,  is  nothing  more  than 
a  fulminating  pane  rolled  up.  It  may  be  made  by  covering 
a  jar  over  the  bottom  and  about  half  way  up  its  sides  with 

tin  foil,  and  stopping  the  mouth 
of  the  bottle  with  a  well  var- 
nished cork  or  wooden  stopper, 
through  which  runs  a  one-eighth 
inch  wire,  having  a  knob  on  its 
upper  end,  and  a  piece  of  chain 
on  its  lower  end  resting  on  the 
tin  foil  lining.  The  uncovered 
portions  of  the  glass  jar  should 
be  coated  with  shellac  varnish. 
The  jar  may  be  made  in  various 
sizes,  and  when  the  size  is  S(j  small 
that  it  is  inconvenient  to  apply 
tin  foil  to  the  inside,  a  little  shellac 
varnish  ma)'  be  poured  into  the 
bottle,  and  the  bottle  coated  half 
way  up  its  sides  with  the  varnish 
by  turning  it  down  upon  the  side  and  revolvmg  it.  Be- 
fore the  varnish  begins  to  dr)%  a  quantity  of  metal  filings 
are  poured  into  the  bottle  and  shaken  about.  The}'  attach 
themselves  to  the  varnish  and  form  a  metallic  coating  that 
answers  a  very  good  purpose.  When  the  varnish  dries,  the 
surplus  filings  may  be  poured  out  and  the  bottle  may  be 
coated  with  foil  on  the  outside. 

The  jar  is  charged  by  connecting  the  outer  coating  with 
the  groimd  or  with  one  of  the  conductors  of  the  machine, 
and  connecting  the  ball  with  the  other  conductor  ;  and  it  is 
discharged  by  touching  the  ball  and  the  outer  coating  of  the 
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jar  with  opposite  ends  of  a  jointed  discharger.  The  measur- 
ing jar,  shown  in  Fig.  376,  is  similar  to  the  jar  just  described, 
the  only  difference  being  the  addition  of  a  curved  wire 
having  a  ball  on  its  lower  end,  and  a  support  for  the  wire 
attached  to  the  vertical  discharge  wire  of  the  jar.  The  ball 
of  the  additional  wire  may  be  placed  a  greater  or  less 
distance  from  the  outer  coating  of  the  jar.  It  is  obvious 
that  the  jar  can  never  be  charged 
to  give  a  spark  longer  than  the 
distance  between  its  outer  coating 
and  the  ball. 

The  disruptive  effect  of  the 
spark  can  be  readily  exhibited  by 
partly  filling  a  glass  bottle  (Fig.  377) 
with  kerosene,  olive,  or  lard  oil, 
and  inserting  through  the  cork  a 
curved  wire  pointed  at  its  lower 
end  and  provided  with  a  ball  at 
its  upper  end.  The  pointed  end  of 
the  wire  should  be  very  near  the 
inner  surface  of  the  glass,  and  the 
ball  at  the  top  should  be  connected 
with  one  of  the  conductors  of  the 
machine.  The  other  conductor 
should  be  placed  opposite  the  point 
of  the  wire  and  near  the  side  of 
the  bottle. 

When  the  machine  is  turned, 
the  sparks  will  perforate  the  glass, 
and  will  continue  to  pass  through 
until  the  pointed  wire  is  turned  to 
a  new  place  in  the  bottle,  when  another  hole  will  be  made. 
The  holes  made  by  the  spark  are  so  small  that  the  oil  will 
pass  through  very  slowly,  if  at  all. 

Fig.  378  shows  a  chime  of  bells  operated  b}-  the  elec- 
tric discharge.  The  three  bells  are  suspended  from  a  wire 
cross  arm,  which  is  attached  to  one  of  the  conductors  of  the 
machine  or  to  an  insulated  support  connected  with  the 
machine.     The  two  outer  bells  are  suspended  with  chains. 


Measurin: 
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the  middle  one  with  a  silk  cord. 
Two  small  metal  buttons  are  sus- 
pended bv  silk  threads  half  way 
between  the  outer  bells  and  the 
middle  one,  and  the  middle  bell  is 
provided  with  a  chain  which  rests 
on  the  table. 

When  the  machine  is  turned, 
the  suspended  buttons  are  attracted 
to  the  outer  bells,  and  after  be- 
coming charged  with  electricit}" 
are  repelled  by  the  outer  bells  and 
attracted  toward  the  middle  one. 
After  parting  with  their  charge 
the}-  are  again  attracted  by  the 
outer  bells,  again  repelled,  and  so 
on.  If  the  bells  are  connected 
with  the  ball  of  a  Leyden  jar,  and 
the  chain  from  the  middle  bell  is 
connected  with  the  outer  coating  of  the  jar,  a  slow  dis- 
charge of  the  jar  will  take  place.  The  time  occupied  in 
the    discharge    may   be   prolonged   bv  fastening  up   one  of 
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Fig.    37S. 


Electric  Chime. 
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the  buttons  so  that  it  will  not  swing.  The  electric  fly,  shown 
in  Fig.  379,  illustrates  the  effect  of  the  electric  discharge 
from  points.  The  fly  consists  of  a  piece  of  metal  having  a 
slight  depression  in  the  center  to  receive  the  pivotal  point 
on  which  it  turns,  and  having  a  num-  Fig.  379. 

ber  of  wire  arms,  pointed  at  their 
outer  ends  and  all  bent  in  the  same 
direction.  When  the  pivot  of  the 
fly  is  connected  with  the  machine,  the 
fly  revolves  in  a  direction  opposite 
to  that  of  the  points.  The  motion  is 
owing  to  a  repulsion  between  the 
electricity  of  the  points  and  the  elec- 
tricity imparted  to  the  adjacent  air 
by  conduction. 

Fig.  380  shows  a  fly  mounted  on 
a  horizontal  axis,  the  latter  being 
placed  on  two  inclined  wires  having 
feet  resting  on  a  pane  of  glass.  On 
connecting     the     incline      with     the  ^^^  Electnc  Fly. 

machine,  the  fly  will  revolve  and  ascend  the  inclined  plane 
in  opposition  to  gravity.  When  electricity  escapes  from  a 
point,  the  electrified  air  is  repelled  so  strongly  as  to  blow 
out  a  candle. 

Fig.  380. 


Fly  and  Inclined  Plane. 


For  various  experiments  with  the  electrical  machine  and 
with  Leyden  jars  a  jointed  discharger  is  required.  A  sim- 
ple and  inexpensive  one  is  shown  in  Fig.  381.  It  consists  of 
two  wires  bent  one  around   the  other  to   form   a  joint,  and 
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bent  out  nearly  parallel  in  one  direction  to  receive  vulcanite 
handles,  while  the  opposite  extremities  are  curved  and  pro- 
vided with  balls  at  the  ends. 

In  many  experiments  in  static  electricity  the  wires  must 


Fig.  3S1. 


§<S\^«A\\ 


Jointed  Discharger. 


terminate  in  balls,  to  prevent  escape  and  to  secure  the 
desired  form  of  spark.  It  is  a  matter  of  considerable  labor 
to  make  a  large  number  of  metal  balls  on  the  lathe.  Balls 
which  will  answer  every  purpose  ma}^  be  cast  directly  upon 
the  wires  by  using  an  old-fashioned  bullet  mould  with  a  hole 

Fig.  3S2. 


Universal  Discharger. 

drilled  in  the  bottom  to  receive  the  wire  upon  which  the 
ball  is  cast.     Type  metal  is  excellent  for  this  purpose,  but 
lead  will  answer  very  well.     An  alloy  of  tin  and  antimony 
makes  a  very  fine  ball,  having  the  appearance  of  silver. 
In  a  certain  class  of  experiments  the  universal  discharger 
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is  convenient  if  not  absolutely  necessary.  A  cheap  and  sim- 
ple form  of  this  instrument  is  shown  in  Fig.  382.  It  consists 
of  a  pane  of  glass  a  foot  long  and  six  inches  high,  supported 
on  wooden  feet.  Upon  the  upper  edge  in  the  center  there  is  a 
glass  table  supported  by  two  wooden  brackets  cemented  to 
both  glasses.  Upon  opposite  corners  of  the  upright  glass 
there  are  two  curved  wires  bent  into  ihe  form  of  a  spring 
in  the  middle  to  clasp  the  glass,  and  having  at  their  upper 
ends  balls  and  at  their  lower  ends  rings  to  receive  the  con- 
ductors which  connect  the  discharger  with  the  machine. 
By  means  of  this  instrmuent  the  electric  discharge  may  be 
made  to  pass  through  or  over  any  substance  placed  on  the 
glass  table. 

Fig.   383. 


Insulating;  Stool. 


The  simplest  method  of  making  an  insulating  stool  for 
supporting  a  person  while  being  charged  with  electricity  is 
shown  in  Fig.  383.  It  consists  of  a  board  resting  on  four 
common  tumblers.  An  insulated  spherical  conductor  is 
shown  in  Fig.  384.  It  may  be  made  of  any  thin  metal  or  it 
may  consist  of  a  pasteboard  or  wooden  ball  covered  smoothly 
with  tin  foil.  This  sphere  is  provided  with  lateral  arms  ter- 
minating in  knobs,  and  is  supported  upon  a  glass  standard  in- 
serted in  a  wooden  base.  Fig.  385  shows  a  cylindrical  conduc- 
tor about  four  inches  in  diameter  and  twenty  inches  long.  It 
has  rounded  ends,  and  is  supported  on  a  glass  standard  at 
the  same  height  as  the  spherical  conductor.  With  these 
two  conductors  the  phenomena  of  static  induction  may  be 
exhibited.  In  each  end  of  the  cylindrical  conductor  is  inserted 
a  standard  from  which  two  pith  balls  are  suspended  by  silk 
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threads.  A  pair  of  pith  balls  may  also  be  suspended  at  the 
center  of  the  conductor.  Now,  by  charging  the  spherical 
conductor  with  positive  electricity,  and  bringing  it  within 
a  few  inches  of  one  end  of  the  cylindrical  conductor,  the 
pith  balls  at  the  ends  of  the  latter  will  diverge,  while  those 
at  the  center  will  remain  quiet.  By  testing  the  charges  of 
the  conductor,  it  will  be  found  that  the  electricity  of  the 
end  of  the  conductor  nearest  the  sphere  is  negative,  while 
that  of  the  remote  end  is  positive. 


Fig.  384. 


Insulated   Sphere. 

The  positive  charge  of  the  sphere  attracts  the  negative 
electricity  of  the  cyhnder  and  repels  the  positive,  thus  dis- 
turbing the  equilibrium  which  existed  before  the  approach 
of  the  positively  charged  sphere.  On  testing  the  middle 
portion  of  the  cylinder  by  means  of  an  electroscope,  it  is 
found  to  be  neutral. 

In  Fig.  386  is  shown  a  gas  pistol,  consisting  of  a  metallic 
tube  permanently  stopped  at  one  end  with  insulating 
material,  and  having  a  wire  inserted  in  the  stopper  so  that 
it   nearly  touches  one  side  of  the  tube.     The  tube  is  filled 
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with  a   mixture    of  illuminating  gas    and  air,  and   lightly 
stopped  with  a  cork. 

An    electric     discharge     through   the    wire   and     tube 
explodes  the  charge  of  gas.     Fig.  387  shows  a   somewhat 


I 


Fig.  385. 
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Cylindrical  Conductor. 

similar  device  for  exploding  gunpowder.  It  consists  of  a 
block  of  wood  having  a  central  cavity  into  which  are 
inserted  two  wires  nearly  touching.  The  powder  is  placed 
in  the  cavity,  and  the  spark  sent  through  the  wires,  and  in 


Fig.  386. 


o 


-t^' 

$ 
^ 

Gas  Pistol. 


leaping   the   space   between  their  inner   ends,    ignites  the 
powder. 

Fig.  388  represents  a  simple  apparatus  for  exhibiting  the 
alternate  attraction  and  repulsion  of  pith  balls  when  placed 
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between  two  metallic  plates  connected  with  opposite  con- 
ductors of  the  machine.  To  prevent  the  pith  balls  from 
fiying  in  all  directions,  they  are  confined  by  the  glass  jar. 
Four  pieces  of  window  glass  forming  a  hollow  square  may 
replace  the  jar  in  this  experiment. 

Fig.  387. 


Electric  Mortar. 

Gassiot's  cascade,  shown  in  Fig.  389,  is  a  beautiful  expe- 
riment, but  requires  an  air  pump.  A  goblet  coated  with  tin 
foil  in  the  manner  of  a  Leyden  jar  is  placed  under  the  tubu- 
lated bell  of  an  air  pump ;  a  rod  extends  through  the  bell 
into  the  goblet,  and  when  the  electric  discharge  takes  place 
(the  rod  and  plate  of  the  air  pump  being  in  communication 

Fig.  38S. 


Dancing  Pith  Balls. 


Gassiot's  Cascade. 


with  the  machine),  a  cascade  of  wavy   light  overflows  the 
goblet  like  a  fountain. 

The  pith  ball  electroscope,  shown  in  Fig.  390,  consists  of  a 
rod  having  at  its  upper  end  a  ball  and  at  its  side  a  scale,  from 
the  angle  of  which  is  suspended  a  pith  ball  on  a  filament  of 
whalebone.     The    upper  end  of  the  whalebone  is   formed 
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into  a  loop  which  hangs  on  a  delicate  pivot  projecting  Irom 
the  scale.  This  instrument  placed  on  a  body  receiving  an 
electric  charge  will  indicate  roughly  the  extent  of  the 
charge.  What  has  been  said  covers  a  very  small  propor- 
tion  of  the  experiments  possible  in    static  electricit}' ;    but 


Fig.   3go, 


Pith  Ball  Electroscope. 

it  is  hoped  that  some  of  the  hints  given  in  regard  to  the 
construction  of  the  electrical  machine,  and  some  of  the 
apparatus  to  be  used  in  connection  with  it,  will  enable  the 
student  of  electricity  to  at  least  begin  a  course  i)f  experi- 
ments which  will  prove  of  interest. 
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CHAPTER  XVIII. 

DYNAMIC     ELECTRICITY. 
GENERATION    OF   THE    ELECTRIC    CURRENT. 

When  two  dissimilar  metals,  such  as  pure  copper  and 
pure  zinc,  are  placed  in  contact  in  acidulated  water,  evi- 
dences of  activity  immediately  appear  in  the  form  of  a  cloud 
of  microscopic  bubbles  constantly  rising  to  the  surface  of  the 
water.  If  the  metals  are  individually  capable  of  resisting 
the  action  of  the  acid  solution,  it  will  be  noticed  that  on  sep- 
arating them  the  action  ceases,  but  it  will  commence  again 
as  soon  as  the  metals  are  brought  into  contact.  The  same 
action  is  noticed  if  the  two  metals  are  brought  into  contact 
or  connected  by  a  wire  above  the  surface  of  the  acidulated 
water. 

The  bubbles  are  hydrogen  resulting  from  the  decomposi- 
tion of  the  water.  They  escape  from  the  copper,  while  the 
oxygen  resulting  from  the  analysis  unites  with  the  zinc, 
forming  zinc  oxide. 

The  copper  is  scarcel}^  attacked,  while  the  zinc  slowly 
wastes  awa)'.  If  the  wire  connecting  the  zinc  and  copper 
be  cut  and  the  two  ends  placed  on  the  tongue,  a  slight  but 
peculiar  biting  sensation  is  experienced,  which  will  not  be 
felt  when  the  wires  are  disconnected  from  the  metals. 

A  piece  of  paper  moistened  with  a  solution  of  iodide  of 
potassium  and  starch  placed  between  the  ends  of  the  wires 
turns  brown  at  this  spot,  showing  that  there  is  here  a 
species  of  energy  capable  of  effecting  chemical  decomposi- 
tion. If  a  wire  joining  the  copper  and  zinc  is  placed  parallel 
with  and  near  a  delicately  suspended  magnetic  needle,  it 
will  be  found  that  it  is  endowed  with  properties  capable 
of  affecting  the  needle  in  such  a  manner  as  to  cause  it  to 
swing  and  tend  to  take  a  position  at  right  angles  to  the 
wire.  This  form  of  energy  is  dynamic  or  current  electri- 
city, generated  in  this  case  by  chemical  action  and  confined 
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to  and  following  a  continuous  conductor,  of  which  the  two 
metallic  elements  and  the  acid  solution  form  a  part,  the 
whole  comprising-  a  complete  electric  circuit. 

For  the  purpose  of  studying  the  generation  and  behav- 
ior of  dynamic  electricity,  the  elements  referred  to  may  be 
formed  into  an  electric  generator  or  battery,  and  the  mag- 
netic needle  and  conducting  wire  ma}-  be  combined  to  form 
an  electrical  indicator  or  galvanometer,  as  illustrated  in 
Plate  VI.,  which  shows  convenient  apparatus  for  making 
the  primary  experiments  in  d3-namic  electricity.  The  glass 
tank  or  cell  is  built  with  special  reference  to  projecting  the 
visible  manifestations  of  the  phenomena  exhibited  in  the 
cell  upon  a  screen,  by  means  of  the  lantern,  to  enable  a 
number  of  persons  to  observe  simultaneously. 

The  cell  consists  of  two  plates  of  transparent  glass  4  by 
6  inches,  separated  by  a  half  inch  square  strip  of  soft  rubber, 
which  is  cemented  to  both  glasses  by  means  of  a  cement 
composed  of  equal  parts  of  pitch  and  gutta  percha.  The 
cell  is  nearly  filled  with  the  exciting  liquid,  consisting  of 
dilute  sulphuric  acid  (acid  i  part,  water  15  parts),  in  which 
are  placed  two  plates,  one  consisting  of  a  strip  of  zinc 
about  one-sixteenth  of  an  inch  thick,  the  other  plate  being 
a  strip  of  copper. 

As  commercial  zinc  is  so  impure  as  to  be  violently 
attacked  by  the  exciting  liquid,  it  is  well  to  dip  the  zinc 
strip  into  the  solution,  and  then  apply  to  it  a  drop  or  so  of 
mercury,  which  amalgamates  the  surface  and  prevents  local 
action. 

When  these  two  plates  are  brought  into  contact  with 
each  other  in  the  exciting  liquid,  hydrogen  gas  is  given  off 
copiously  at  the  copper  plate,  while  the  action  at  the  zinc 
plate  is  almost  unnoticeable.  If  the  plates  are  ccmnected 
together  by  a  conductor  outside  of  the  solution,  the  same 
phenomenon  is  observed. 

The  plane  flat  surfaces  of  the  cell  offer  facihties  for  the 
examination  of  the  plates  by  means  of  the  microscope,  and 
if  so  examined  it  will  be  found  that  so  long  as  there  is  no 
metallic  connection  between  the  plates,  they  will  remain 
unaltered,  and  no  action  is  discoverable;  but  when  the  ci-r- 
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cuit  is  completed,  the  first  visible  indication  ol  action  is  the 
sudden  whitening  of  the  copper  plate  as  if  it  were  frost- 
covered  ;  the  next  indication  of  action  is  the  formation  over 
the  entire  surface  of  the  plate  of  myriads  of  minute  silvery 
bubbles,  which  grow  until  the}^  become  detached,  when  they 
rise  to  the  surface  and  escape  into  the  air.  These  bubbles 
ma}-  be  discharged  into  the  mouth  of  a  small  test  tube,  and 
when  a  sufficient  quantity  of  gas  has  accumulated  it  mav  be 
ignited,  showing  that  it  is  hydrogen. 

The  appearance  of  the  copper  plate  when  the  cell  is  in 
action  is  shown  at  2  greatly  magnified.  The  gas  bubbles 
formed  on  the  surface  of  the  copper  are  at  first  very  minute, 
but  they  rapidly  increase  in  size  and  begin  to  merge  one  into 
another,  taking  an  upward  course.  When  a  large  bubble 
has  absorbed  a  large  number  of  the  smaller  bubbles  and 
becomes  sufficiently  buoyant  to  overcome  its  adhesion  to 
the  plate,  it  rises  to  the  surface  and  is  lost  in  the  air. 

The  bubbles  of  hydrogen  are  very  bright,  appearing  and 
acting  much  like  globules  of  mercury.  Often  an  equatorial 
belt  of  very  small  bubbles  will  be  seen  surroimding  a  larger 
one. 

The  accumulation  of  hydrogen  <jn  the  copper  plate  seri- 
ously affects  the  strength  oi  the  current.  To  ascertain  to 
what  extent  and  at  what  time  this  happens,  a  simple  galvan- 
ometer, like  that  shown  at  i,  will  be  required.  This  instru- 
ment consists  of  a  common  pocket  compass,  a  wooden  frame 
or  spo(.)l,  and  about  20  feet  of  No.  32  silk-covered  copper 
wire.  The  wood  spool  (3)  has  a  recess  cut  in  the  top  at 
either  end  to  receive  tlie  ccjmpass,  which  is  placed  a  short 
distance  from  the  flat  body  of  the  spool,  and  the  wire  is 
wound  evenly  around  the  body  back  and  forth  until  the 
spool  is  full.  Then  the  terminals  of  the  wire  are  connected 
with  two  spiral  springs  fastened  to  the  ends  of  the  spool 
and  forming  "binding  posts"  for  receiving  the  wires  from 
the  battery. 

In  regard  to  the  adjustment  of  the  compass,  it  should  be 
arranged  with  the  line  marked  N  S  parallel  with  the  wires 
of  the  coil,  and  the  instrument  should  be  turned  until  the 
N  S  line  is  exactly  under  the   needle,  then  a  weak  current 
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from  a  constant  battery  should  be  sent  through  the  coil  and 
the  deflection  noted.  The  current  should  then  be  sent  in 
the  opposite  direction,  when  the  needle  will  be  deflected  in 
the  opposite  direction.  If  the  amount  of  deflection  is  the 
same  in  both  cases,  the  galvanometer  is  in  condition  for  use; 
but  if  the  deflections  differ  in  degree,  the  compass  must  be 
turned  in  its  socket  until  the  proper  adjustment  is  secured. 
The  onljr  precaution  necessary  in  the  construction  of  this 
instrument  is  to  select  a  compass  whose  needle  is  delicately 
poised  and  vibrates  freely. 

By  connecting  the  galvanometer  with  the  cell  as  indi- 
cated in  the  engraving,  it  will  be  noticed  that  after  a  little 
time  the  galvanometer  needle  begins  to  fall  back  toward  0°, 
a  point  which  it  ultimately  reaches  if  the  circuit  is  kept 
closed  ;  and  the  shorter  the  circuit,  the  sooner  the  cessa- 
tion of  the  current.  This  enfeeblement  of  the  current  is 
principally  due  to  three  causes,  one  of  which  has  already 
been  noticed,  that  is,  the  accumulation  of  hj^drogen  on  the 
copper  plate.  The  film  of  hydrogen  not  only  prevents  con, 
tact  between  the  exciting  solution  and  the  plate,  but  it  acta 
ally  renders  the  surface  to  a  certain  degree  like  the  zinc. 
Another  cause  of  enfeeblement  of  the  current  is  the  reduc 
tion  on  the  copper,  by  the  hydrogen,  of  a  portion  of  the  zinc 
sulphate  accumulating  in  the  liquid.  This  increases  the 
similarit)-  of  the  two  plates,  and  consequently  assists  in  dimi- 
nishing the  current.  The  reduction  of  the  strength  of  the 
exciting  liquid  of  the  cell  by  mixture  with  zinc  sulphate  con- 
tributes still  further  toward  the  diminution  of  the  current. 
All  this  results  in  making  the  two  plates  similar  in  their 
action,  and  in  a  consequent  weakening  of  the  current;  but 
this  chemical  action  cannot  be  avoided,  as  to  secure  any 
action  in  a  galvanic  cell  the  exciting  fluid  must  be  capable 
of  decomposition.  The  production  of  local  currents,  the 
accumulation  of  hydrogen  on  the  copper  plate,  and  the 
weakening  of  the  exciting  solution  are  the  three  great 
causes  of  inconstancy  in  batteries.  The  first  may  be  reme- 
died in  a  great  measure  by  amalgamation ;  the  remedy  for 
the  last  is  obviously  the  strengthening  of  the  solution ,  and 
the   second,   the   accumulation  of  hvdrogen  on  the  copper 
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plate,  or  the  polarization  of  the  plate  can  only  be  remedied 
by  mixing  with  the  exciting  liquid  some  substance,  such  as 
nitric  (5r  chromic  acid,  which  will  oxidize  the  hydrogen  as 
fast  as  it  is  liberated  by  oxidation  of  the  zinc,  or  by  brush- 
ing it  while  in  the  solution,  or  by  violently  agitating  the 
exciting  solution.  The  galvanometer  needle  faithfully  indi- 
cates the  result  of  either  treatment.  The  polarization  of 
the  electrode  may  be  strikingly  exhibited  by  allowing  the 
copper  plate  to  become  polarized  and  then  replacing  the 
zinc  with  a  clean  copper  strip  like  the  one  already  polarized. 
The  galvanometer  needle  will  be  deflected  in  the  opposite 
direction,  showing  that  the  polarized  copper  plate  acts  in 
the  same  manner  as  the  zinc.  Now,  by  removing  the  polar- 
ized copper  plate  and  wiping  and  replacing  it,  the  deflection 
of  the  needle  will  be  much  less,  and  it  will  not  fall  back  to  0° 
until  the  very  slight  coating  of  zinc  which  has  been  depo- 
sited on  the  copper  is  removed  from  the  polarized  plate  by 
means  of  emery  paper  or  otherwise.  Precisely  the  same 
effect  is  noticed  when  a  newly  amalgamated  zinc  plate  is 
opposed  to  an  oxidized  zinc  plate.  The  oxidized  plate  in 
this  case  will  act  as  if  it  were  copper. 

This  method  of  showing  the  effect  of  the  polarization  of 
the  copper  plate  is  conckxsive.  The  phenomenon  attributed 
to  the  polarized  plate  manifests  itself  in  an  unmistakable 
manner  in  polarizable  batteries  under  the  conditions  of 
actual  use. 

While  the  entire  office  performed  by  the  mercury  in 
amalgamation  is  not  known  with  certainty,  one  of  its  pur- 
poses is  to  present  to  the  liquid  a  surface  made  up  of  zinc 
and  mercury,  and  these  two  only.  The  acid  acts  on  the 
zinc,  which  is  at  the  same  moment  not  in  contact  with  anj^ 
of  the  impurities,  such  as  particles  of  carbon,  iron,  etc.,  that 
are  diffused  throughout  the  commercial  zinc.  Local  cur- 
rents are  thus  almost  entirely  avoided.  The  object  of  amal- 
gamation is  to  prevent  local  currents  as  much  as  possible, 
and  to  present  clean  zinc  to  the  liquid  for  oxidation.  Yet, 
in  spite  of  the  mercury,  local  currents  exist  to  some  extent, 
and  they  are  often  quite  as  important  as  other  causes  in 
decreasing  the  effective  value  of  the  battery. 
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All  batteries  are  more  or  less  defective  in  operation,  and 
require  a  great  deal  of  care  and  attention.  Many  of  the 
large  uses  to  which  batteries  were  applied  a  few  years  since 
now  depend  entirely  upon  dynamos  for  current.  Neverthe- 
less, batteries  have  many  uses  to  which  the  dynamo  cannot 
be  conveniently  or  economically  applied  ;  such  for  example 
as  working  the  smaller  lines  of  telegraph,  ringing  call  bells, 
operating  indicators,  annunciators,  etc.,  and  all  closed  cir- 
cuit work  where  a  comparatively  small  current  is  used.  In 
telephone  transmitters,  and  in  open  circuit  work  where  a 
current  is  required  only  at  long  intervals,  the  dj'namo  can- 
not be  substituted  for  batteries. 

Terms  such  as  "electric  current,"  "electric  fluid,"  "flow 
of  the  current,"  are  based  on  the  assumption  that  the  action 
Fjq    ,g[  of  dynamic  electricity  is  analogous 

to  that  of  fluids;  but  as  nothing  is 
positively  known  of  the  nature  of 
electricit}-,  these  expressions  are  to 
be  considered  as  purely  conven- 
tional. 

SINGLE-FLUID     BATTERIES. 

Several  of  the  batteries  employ- 
ing only  a  single  exciting  fluid  are 
very  useful  in  experimental  work, 
and  a  number  of  them  are  of  great 

Smee's  Battery.  i  •    ,,  ,^  c     ,^ 

'  value   commercially.     One    of    the 

oldest  of  these  batteries  is  Smee's,  which  is  illustrated  in 
Fig.  391.  A  wooden  strip,  W,  which  rests  upon  the  jar,  A, 
supports  the  platinized  silver  plate,  S.  The  zincs,  Z,  are 
clamped  to  the  sides  of  the  strip,  W,  by  a  clamp,  b,  which  is 
provided  with  a  binding  post  for  receiving  a  wire.  A  bind- 
ing post  is  also  connected  with  the  silver  plate,  S. 

The  wooden  strip,  W,  is  paraffined,  and  the  zinc  plates 
are  amalgamated.  The  liquid  generally  used  to  charge  the 
cell  is  I  part  of  sulphuric  acid  to  10  of  water. 

The  electro-motive  force  of  the  Smee  battery  is  rog  volts 
when  not  in  action,  when  in  action  it  is  0-482  volt.  Its  inter- 
nal resistance  is  about  i   ohm.     The  depolarization  of  this 


DYNAMIC     ELECTRICITY. 


399 


Fig.   392. 


battery  is  due  to  the  facility  with  which  the  hydrogen  is 
detached  from  the  rough  surface  of  the  platinized  silver 
plate.  The  Smee  battery  has  been  used  largel}^  in  tele- 
graphy and  electro-metallurgy. 

The  Grenet  battery  (Fig.  392)  is  a  very  good  form  of 
experimental  battery  where  constanc}'  of  current  is  not 
required,  as,  for  example,  in  the  laboratory  and  mechanical 
work  rooms.  The  cell  is  in  the  form  of  a  bottle,  and  con- 
tains a  solution  formed  by  adding  one  part  of  sulphuric 
acid  to  five  parts  of  a  saturated  solution  of  bichromate  of 
potash  in  water.  The  top  is  provided 
with  a  brass  frame,  to  which  is  fastened 
a  vulcanite  cover ;  to  this  are  attached 
two  carbon  plates,  that  dip  perman- 
ently into  the  fluid  ;  and  between  them 
a  zinc  plate  is  suspended  b}^  a  rod,  by 
means  of  which  it  may  be  plunged  into 
the  fluid  or  withdrawn  at  pleasure. 
When  the  zinc  is  withdrawn,  the  action 
ceases.  This  batterv  gives  a  powerful 
current  for  a  short  time,  but  it  rapidly 
polarizes.  The  length  of  time  during 
which  the  fluid  will  retain  its  power 
depends  on  the  use  that  is  made  of  the 
battery. 


^^S-   393    represents    an   inexpensive 


Grenel  Battery,   Bottle 
Form. 


and  easily  made  plunge  battery,  which 
is  very  convenient  for    temporary  use- 

Ten  tumblers,  arranged  in  two  rows  of  five,  are  held 
in  place  by  an  apertured  board  supported  a  short  distance 
above  the  base  board  by  the  round  standards.  To  these 
is  fitted  a  board  which  is  split  from  the  standards  outward, 
and  provided  with  two  bolts  with  wing  nuts,  by  which  the 
board  may  be  clamped  at  any  desired  height.  To  opposite 
edges  of  this  movable  board  are  clamped  six  plates  of  car- 
bon, i^  inches  wide,  J  inch  thick,  and  6  or  8  inches  long. 
The  upper  ends  of  these  plates  are  heated  and  saturated 
with  wax  or  paraffine,  and  a  copper  wire  is  interposed 
between  the  carbon  plate  and  the  edge  of  the  board.     The 
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strips  of  wood  by  which  the  carbons  are  clamped  are  |  inch 
thick.  To  these  wooden  strips  are  secured  zinc  plates  of 
the  same  dimensions  as  the  carbon  plates,  by  means  of 
ordinarj'  wood-screws  passing-  through  holes  in  the  zinc 
into  the  wood.  The  wires  connected  with  the  carbons  are 
bent  over  and  inserted  between  the  zinc  plates  and  the 
wood,  as  shown  in  the  engraving.  That  is,  the  carbon  of 
one  pair  is  connected  with  the  zinc  of  the  next  pair  in 
order,  and  so  on  throughout  the  series,  and  the  terminal 
plates  are  connected  with  the  binding  posts. 

Fig.   393. 


Simple  Plunge  Battery. 


The  zincs  are  amalgamated,  and  the  tumblers  are  nearly 
filled  with  the  bichromate  solution. 

To  maintain  the  amalgamation  of  the  zincs,  a  small  quan- 
tity of  bisulphate  of  mercury  is  added  to  the  bichromate 
solution,  say  }i  ounce  to  ever}'  quart  of  solution. 

The  tumblers  should  be  as  large  as  can  be  conveniently 
obtained.     Those  holding  one  pint  are  not  too  larg^e. 

The  plunging  battery  shown  in  Fig.  394  is  a  very  power- 
fvil  one,  designed  for  running  an  electric  motor  or  for  sup- 
pl3nng  a  current  to  three  or  four  small  incandescent  lamps. 
The  battery  consists  of  eight  elements,  each  formed  of  two 
6x10  inch  carbon  plates  -^  inch  thick,  and  one  zinc  plate  of 
the  same  size,  suspended  in  a  cell  3^x7-3- inches  and  9  inches 
deep. 


DYNAMIC     ELECTRICITY. 


401 


The  upper  ends  of  the  carbon  plates  are  paraffined,  as 
shown  in  Fig.  395,  b}^  heating  the  ends  only  and  rubbing  on 
paraffine,  alknving  it  to  melt  and  soak  into  the  pores  of  the 
plate  until  a  strip  about  1^2  inches  wide  across  the  end  of  the 


plate  is  well  filled  with  paraffine.  This  treatment  prevents 
the  solution  from  ascending  by  capillarity  and  destroying 
the  connections. 

The   plates  are   arranged   as  shown  in  Fig.  396,  the  zinc 
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plate  being  located  between  two  carbon  plates  and  sepa- 
rated from  them  b}'  strips  of  paratfined  wood  i  inch  thick, 
1-4  inches  wide,  and  8  inches  long.  The  plates  and  separating 

strips    are    clamped    together 

by    thick   strips   of   paraffined 

^^1       wood  arranged  upon  the  outer 

^^H       side  of  the  carbon  plates,  and 

olts,  preferabl}'  of  brass,  pass- 


Fir 


395. 


ng  through    the    ends    of   all 


Fig.  s()6. 


'  <i  the  strips.     The    electrical 
I  onnection  with  the  zinc  plate 
I  ;  made  by  inserting  a  copper 
strip,  d,  between  the  plate  and 
the  wood  strip.     The  connec- 
tion with  the   carbon  plares  is  made  in  a  similar  way,  the 
strip,  /',  being   looped  so  as   to    form    a    contact   with    both 
plates  without  touching  the  zinc. 

Before  the  elements  are 
put  together,  the  zinc  plates 
should  be  carefully  amalga- 
mated. This  is  done  by 
dipping  each  plate  into  a  jar 
of  dilute  sulphuric  acid  (acid 
I  part,  water  10  parts),  con- 
taining mercury  at  the  bot- 
tom. As  soon  as  the  lower 
end  of  the  plate  is  coated 
with  mercur}-  it  may  be 
lifted  from  the  solution,  in- 
verted, and  allowed  to  stand 
until  the  entire  surface  of 
the  plate  is  perfectly  cov- 
ered with  mercury.  If 
there  are  portions  which 
do  not  receive  the  mercury, 
they  are  scraped  or  sand- 
papered and  returned  to  the  acid  solution,  when  mercury 
is  applied  locally. 

If  the  amalgamation  is  perfect,  the  plates  will  not  require 
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re-amalgamation.  An  amalgamating  solution  is  made  by 
dissolving  mercuiy  in  nitric  acid,  then  adding  water  so  as 
to  make  a  10  per  cent,  solution  of  the  mercury  nitrate.  A 
zinc  plate  immersed  in  the  solution  becomes  amalgamated, 
but  the  operation  requires  frequent  repetition.  The  cells 
consist  of  pine  boxes  of  the  size  mentioned  lined  with  gutta 
percha.  The  operation  of  lining  is  quite  simple,  and  the 
cell,  if  well  made,  is  durable.  A  wooden  form  is  made  which 
is  the  thickness  of  the  gutta  percha  smaller  than  the 
boxes.  Around  the  sides  and  end  of  this  form  is  wrapped  a 
sheet  of  gutta  percha,  which  is  f  inch  wider  than  the  form, 
the  edges  of  the  sheet  being  allowed  to  project  beyond 
the  form,  as  shown  in  Fig.  397. 

Fig.  397. 


Forming  the  Gutta  Percha  Lining. 

A  piece  of  gutta  percha  of  suitable  width  and  length  is 
placed  upon  the  form  within  the  projecting  edges  of  the  sheet 
alread}'  in  position.  The  edges  are  then  warmed  suffi- 
ciently to  render  them  adhesive,  by  means  ol  a  lamp  flame 
or  by  holding  a  hot  iron  near  enough  to  soften  the  gutta 
percha.  The  edge  is  then  turned  over  in  the  manner  illus- 
trated. The  fingers  should  be  moistened  to  prevent  the 
gutta  percha  from  adhering  to  them.  When  the  lining  is 
complete,  it  is  placed  in  the  wooden  box  and  expanded  to 
fit  by  filling  it  with  warm  water.  The  upper  edges  of  the 
lining  should  be  turned  over  upon  the  edge  uf  the  box  and 
made  to  adhere  by  heating.     The  box  should  be  thoroughly 
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coated  with  shellac  varnish  inside  and  outside,  and  allowed 
to  dr}-  before  introducing  the  lining.  Eight  of  these  cells 
are  placed  in  a  box  having  removable  sides  and  a  frame 
extending  over  the  top.  To  the  vertical  standard  of  the 
frame  is  loosely  fitted  a  horizontal  frame  which  supports  the 
plates  of  the  battery.  In  the  upper  part  of  the  frame  is 
journaled  a  shaft  provided  at  opposite  ends  with  drums,  to 
which  are  attached  chains  for  lifting  the  horizontal  frame 
and  plates  supported  thereby.  The  shaft  is  provided  with 
a  crank  by  which  it  ma}'  be  turned,  and  with  a  ratchet 
which  is  engaged  by  a  spring  pawl  attached  to  one  of  the 
standards. 

The  copper  strips  connected  with  the  zinc  plates  are 
clamped  to  the  strips  extending  from  the  carbon  plates,  and 
the  terminal  strips  are  provided  with  binding  posts  for 
receiving  conductors.  Each  set  of  plates  is  provided  with 
a  hook,  attached  to  the  clamping  strips  by  means  of  a  cross- 
bar of  vulcanite  or  vulcanized  fiber.  These  hooks  are 
designed  to  be  placed  on  the  shaft  when  it  is  desired  to  use 
only  a  part  of  the  cells,  the  unused  plates  being  detached 
from  the  others  and  suspended  out  of  contact  with  the 
solution.  On  account  of  the  difficulty  of  removing  the  hard 
and  almost  insoluble  crystals  of  chrome-alum  formed  in 
batteries  employing  a  solution  of  bichromate  of  potash,  a 
bichromate  of  soda  solution  is  substituted.  The  crystals 
forming  in  the  bichromate  of  soda  solution  are  readily 
removed  from  the  cell. 

This  solution  is  made  by  dissolving  bichromate  of  soda 
in  warm  water  to  saturation,  allowing  it  to  cool,  then  slowly 
adding  commercial  sulphuric  acid  to  the  amount  of  one- 
fifth  of  the  volume  of  the  bichromate  solution.  As  the 
gutta  percha  lining  of  the  cells  melts  at  a  low  temperature, 
the  solution  should  be  allowed  to  cool  before  pouring  it 
into  the  cells. 

The  plates  should  not  be  plunged  into  the  solution  to  a 
greater  depth  than  is  necessary  for  the  production  of  the 
desired  current,  and  they  should  always  be  withdrawn  after 
use.  The  electro-motive  force  of  this  battery  is  i6'o  volts, 
and  the  maximum  current  is  4  amperes. 
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Fig, 


De  la  Rue's  chloride  of  silver  battery  is  well  adapted  for 
electrical  testing.  Its  electro-motive  force  remains  practi- 
cally constant  under  various  conditi(jns.  It  is  shown  about 
half  size  in  the  sectional  view  (Fig.  398). 

The  top  of  the  tube,  A,  is  closed  by  a  cork,  D.  The  nee"- 
ative  pole,  C,  consists  of  a  cylindrical  rod  of  chemically  pure 
zinc  supported  by  the  cork  stopper,  which  is  perforated  to 
receive  it.  The  zinc  rod  has  a  hole  in  the  t(_)p  to  allow  the 
silver,  connecting  wire  or  electrode  which  goes  to  the  next 
element  to  be  soldered  in. 

The  positive  pole  consists  of  a  cylinder  of  silver  chloride, 
B,  having  a  silver  wire  or  electrode,  /;,  cast  into  it.  This 
chloride  rod  is  usually  inclosed  in  a  hollow 
cylindrical  diaphragm  of  fine  parchment  paper. 
The  zinc  rod  is  amalgamated. 

The  solution  for  charging  the  cell  is  made 
by  dissolving  i  ounce  of  pure  sal-ammoniac 
(ammonium  chloride)  in  one   quart   of    water. 

The  electro-motive  force  of  each  element 
is  about  I' 10  volts,  and  the  internal  resistance 
is  about  8  ohms. 

In  the  action  of  the  cell,  pure  silver  is 
reduced  and  deposited  on  the  bottom  of  the 
cell.  To  prevent  short-circuiting,  the  zinc 
rod  is  raised  about  three-eighths  of  an  inch 
above  the  bottom  of  the  cell.  This  pure  silver 
deposit  can  be  readily  converted  into  chloride  of  silver, 
which  is  melted  and  recast  into  rods  for  use,  or  if  preferred 
the  pure  silver  ma)^  be  sold. 

This  battery  is  largely  used  in  electro-medical  apparatvis. 

The  Leclanche  battery  is  one  of  the  best  for  open  circuit 
work.  It  is,  in  fact,  a  distinctively  open  circvnt''"  battery. 
So  long  as  the  circuit  is  open  there  is  no  action  in  the  cell, 
and  as  a  consequence  there  is  no  loss. 

This  battery  is  shown  in  its  impr<jved  form  in  Figs.  299 
and  300.  The  carbon  plate,  which  is  suspended  from  the 
cover  of  the  jar,  supports  two  prisms  clamped  to   the  plate 

*  An  open  circuit  is  one  whicli  is  normally  without  a  current,  and  in 
which  the  current  flows  only  while  the  circuit  is  in  use. 


Ji  full  size. 
Chloride  of 
Silver    Cell. 
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by  elastic  rubber  bands,  as  represented  in  Fig.  400,  which 
shows  the  elements  removed  from  the  jar.  The  cover  of 
the  jar  is  perforated  to  receive  the  amalgamated  zinc  rod 
which  extends  down  into  the  solution. 

The  prisms  consist  of  40  parts  of  granulated  black  oxide 
of  manganese,  52  piarts  oi  granulated  carbon,  5  parts  of  gum 
shellac,  and  3  parts  of  potassium  bisulphate.  These  ingre- 
dients are  mixed,  heated  to  212     Fahr.,  and   compressed  in 


Figs.  399  .\nii  400. 


ijeCianche  Battery. 

moulds  under  a  pressure  of  t\\o  tons.  A  saturated  solution 
of  sal-ammoniac  forms  the  exciting  solution.  In  the 
Leclanche  batterv  the  hydrogen  of  the  decomposed  -water 
unites  with  the  oxygen  of  the  manganese. 

If  the  solution  becomes  too  much  reduced,  zinc  oxide 
is  formed,  and  the  solution  becomes  milky.  When  this 
occurs,  more  sal-ammoniac  should  be  added.  This  cell  has 
a  resistance  of  5  to  6  ohms,  and  an  electro-motive  force  of 
i'47  V(ilts. 
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Dr.  Carl  Gassner's  patent  dry  battery  is  much  the  same 
in  principle  as  the  Leclanche,  but  the  exciting  fluid  is  con- 
tained in  a  paste,  and  the  zinc  element  forms  the  containing 
vessel.  Two  forms  of  the  battery  are  made,  one  being  cyl- 
indrical, as  shown  in  Fig.  401,  the  other  elliptical,  as  shown 
in  Fig.  402. 

The  carbon  rod  or  plate  occupies  about  (jne-half  (jf  the 
space  in  the  cell,  and  the  space  between  the  carbon  and  the 
cell  is  filled  with  the  following  mixture : 

"  Oxide  of  zinc,  i  part,  bv  weight ;  sal-ammoniac,  i  part, 


Fii-,.  401. 


Fig.  402. 


Dr.   Gassner's  Dry  Battery. 


by  weight;  plaster,  3  parts,  by  weight  ;  chloride  of  zinc,  i 
part,  b}^  weight ;  water,  2  parts,  by  weight.  The  oxide  of 
zinc  in  this  composition  loosens  and  makes  it  porous,  and  the 
greater  porosity  thus  obtained  facilitates  the  interchange  of 
the  gases  and  diminishes  the  tendency  to  the  polarization 
of  the  electrodes." 

The  batter_v  works  wt-W  on  an  open  circuit,  and  is  cleanly 
and  portable. 

The  caustic  potash  battery  represented  in  two  forms  in 
Figs.  403  and  404  is  of   comiiarativel}'  recent  invention.     It 
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is  adapted  to  either  open  or  closed  circuit  work,  and  will 
operate  for  several  months  without  replenishing.  It  has 
been  used  successfully  in  electro-plating-  and  in  electric 
lighting  on  a  small  scale. 

The  cell  is  made  of  cast  iron  and  serves  as  one  of  the 
plates  of  the  battery.  It  is  much  heavier  than  a  glass  cell, 
but  this  is  compensated  for  by  its  non-liability  to  breakage. 

In  the  small  pattern  the  iron  cell,  V,  is  closed  by  a  rub- 
ber stopper,  G,  through  which  passes  a  brass  rod,  K,  pro- 
vided at  its  upper  end  with  a  binding  post,  F,  and  carrying 


Fig.  404. 


Caustic  Potash  Battery. 

at  its  lower  end  the  zinc  C34inder,  D.  A  lug,  A,  on  the  cell 
is  provided  with  a  binding  screw  for  clamping  the  con- 
ductor, C.  The  cell  is  filled  with  a  saturated  solution  of 
caustic  potash,  and  upon  the  bottom  of  the  cell  is  distributed 
a  quantity  of  black  oxide  of  copper. 

A  valve,  H,  formed  of  a  piece  of  rubber  tubing,  is 
inserted  in  the  stopper  to  admit  of  the  escape  of  gas. 

The  large  pattern  shown  in  Fig.  404  is  9  inches  in  dia- 
meter. It  is  similar  in  its  construction  to  the  smaller  cell. 
The  zinc  element  in  this  case  is  formed  of  a  plate  bent  spi- 


DYNAMIC     ELECTRICITY. 


409 


rally.  It  is  not  necessary  to  amalgamate  the  zincs  in  this 
battery.  It  is  stated  that  the  small  cell  yields  a  current  of 
2  amperes,  while  the  larger  one  is  capable  of  yielding 
8  amperes.     The  E.  M.  F.  is  one  volt. 


TWO-FLUID    BATTERIES. 


The  Daniell  battery,  shown  in   Fig.   305,  is  scentless  and 
does  not  evolve  any  poisonous  or  disagreeable  vapors. 

In  this  battery,  and  in  several  cells  derived  from  it,  the 

Fig.  405. 


Daiiiell   Battery. 

two  liquids  are  separated  b}^  a  porous  cell  of  unglazed  clay. 
The  glass  vessel,  G,  is  filled  with  a  solution  of  copper 
sulphate.  The  porous  cell,  P  C,  contains  the  zinc,  Z,  which 
is  not  amalgamated.  The  curved  sheet  of  copper,  C,  has 
attached  to  it  a  perforated  pocket,  c,  for  containing  crystals 
of  copper  sulphate.  The  porous  cell  may  be  filled  with  a 
solution  of  common  salt  or  water  slightly  acidulated. 

This  battery  is  especially  adapted  for  closed  circuits  ;  it 
is  less  suitable  for  open  circuits.     It  has  an  electro-motive 
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force  of  about  ro/g  volts.  This  amount  varies  somewhat 
with  the  densit)'  of  the  copper  sulphate  solution.  The 
internal  resistance  of  this  battery  varies  considerably  with 
the  construction. 

In  a  batter}-  like  that  shown  in  the  engraving,  the  resist- 
ance is  about  J  ohm,  but  this  may  run  up  as  high  as  8  or  lo 
ohms  in  some  forms. 

In  this  battery,  as  well  as  in  the  gravit}'  battery, 
described  below,  an  example  of  the  most  perfect  depol- 
arizing action  is  found.  Here  the  h3'drogen  resulting  from 
the  action  of  the  dilute  acid  on  the  zinc  is  liberated  on  the 
surface  of  the  copper  plate,  where  it  reduces  the  sulphate  of 

copper,  forming  sulphuric  acid  and 
metallic  copper,  the  latter  being 
deposited  on  the  surface  of  the 
copper  plate.  So  long  as  sulphate 
of  copper  is  present  in  the  battery 
this  action  continues,  and  the  cur- 
ent  from  the  batter}'  remains  prac- 
tically constant. 

The  gravity  battery,  which  is 
shown  in  its  simplest  form  in  Fig. 
406,  consists  of  a  glass  jar  about  8 
in.  high  and  6  in.  diameter,  having: 
a  zinc  casting  suspended  near  the 
top,  and  at  the  bottom  three  copper 
plates  which  are  riveted  together,  the  side  plates  being 
bent  away  from  the  central  one  as  shown.  One  of  the 
plates  is  provided  with  a  gutta  percha  covered  wire 
leading  out  of  the  jar.  About  two  pounds  of  sulphate  of 
copper  are  placed  on  the  bottom  of  the  jar,  and  enough 
water  is  poured  in  to  cover  the  zinc  about  i  inch.  After 
standing  24  to  36  hours,  the  battery  is  in  working  condition. 
As  the  name  of  this  battery  indicates,  its  action  is  depen- 
dent on  the  separation  of  the  zinc  sulphate,  which  is  formed 
at  the  top  of  the  jar.  and  the  copper  sulphate  solution,  which 
gravitates  toward  the  bottom  of  the  jar.  When  the  two 
solutions  have  properly  separated,  the  fluid  in  the  lower 
part  of  the  jar  will  be  blue,  and  that  in  the  upper  part  will 
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be  colorless  and  transparent.  The  zinc  should  always  be 
surrounded  by  the  colorless  fluid,  and  as  the  blue  fluid 
decreases  in  volume,  some  of  the  zinc  sulphate  solution  is 
removed  and  replaced  by  water. 

When  the  water  in  the  upper  portion  of  the  jar  becomes 
saturated  with  zinc  sulphate,  the  sulphate  crystallizes  upon 
the  zinc  plate,  stopping  the  action  of  the  battery.  The 
conducting  power  of  a  solution  of  zinc  sulphate  is  greater 
when  diluted.  Part  of  the  solution,  therefore,  should  be 
from  time  to  time  removed,  and  replaced  by  water.  Undis- 
solved crystals  of  sulphate  of  copper  should  always  remain 
in  the  bottom  of  the  jar.     Any  disturbance  of  the  jars  when 

Fig.  407. 


Grove   Battery, 

in  use  causes  the  solutions  to  mix,  thus  seriously  affecting 
the  working  of  the  battery.  The  water  requires  replenish- 
ing occasionally,  to  compensate  for  evaporation.  The  action 
of  this  battery  is  the  same  as  that  of  the  Daniell.  The  resist- 
ance varies  from  two  to  four  ohms.  Its  electro-motive 
force  is  the  same  as  that  of  the  Daniell  cell.  It  is  used 
largely  in  telegraphy,  and  its  electro-motive  force  is  so 
nearly  one  volt,  that  it  is  used  in  making  ordinary  elec- 
trical measurements. 

In  Grove's  battery  the  sulphate  o(  copper  solution  used 
in  the  Daniell  is  replaced  bv  nitric  acid,  and  the  copper  by 
platinum.  B}-  this  change  greater  electro-motive  force  is 
obtained.     Fig.    407    represents    one    form   of  this    battery. 
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The  glass  vessel,  A,  is  partly  filled  with  dilute  sulphuric 
acid  (I  part  of  acid  to  about  lo  or  12  parts  of  water).  In 
this  vessel  is  placed  an  amalgamated  zinc  C3dinder,  Z, 
which  is  open  at  both  ends  and  slit  down  one  side.  In  this 
cylinder  is  placed  the  porous  cell,  V,  containing  ordinary 
nitric  acid.  A  plate,  P,  of  platinum,  which  is  bent  in  the 
form  of  an  S,  is  fixed  to  the  porous  cell  cover,  and  is  im- 
mersed in  the  nitric  acid.  The  platinum  is  connected 
with  the  binding  screw,  b,  and  there  is  a  similar  binding 
screw,  a,  on  the  zinc. 

In  this  batterv  the  hydrogen  which  would  be  disengaged 

Fig.  408. 


Chromic  Acid  or  Carbon  Battery. 


on  the  platinum  decomposes  the  nitric  acid,  forming  hypo- 
nitrous  acid,  which  is  dissolved  or  is  disengaged  as  nitrous 
fumes. 

The  resistance  oi  the  Grove  cell  is  about  half  ohm. 
Its  electro-motive  force  is  r956  volts.  The  action  of  this 
battery  is  constant. 

The  chromic  acid  battery,  shown  in  Fig.  408,  is  a  modi- 
fication of  the  Bunsen  and  is  similar  to  the  Grove  in  form. 
In  this  battery  an  amalgamated  zinc  cylinder  surrounds 
the  porous  cup,  and  a  rod  of  carbon  replaces  the  platinum 
foil  in  the  Grove.  The  jar  is  filled  with  saturated  solution 
of  common  salt,  or  with  sulphuric  acid  diluted  with  12  parts 
of  water. 
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The  porous  cell  is  filled  with  the  bichromate  of  potash  or 
the  bichromate  of  soda  solution  previously  described. 

When  the  bichromate  of  potash  solution  is  used  in  the 
porous  cell,  and  a  saturated  aqueous  solution  of  common 
salt  is  placed  in  the  jar,  the  action  is  as  follows  :  The  chlorine 
of  the  salt  unites  with  the  zinc,  forming  zinc  chloride,  and 
at  the  carbon  plate  the  sodium  replaces  the  hydrogen  of  the 
sulphuric  acid,  forming  sodium  sulphate.  The  nascent  hydro- 
gen reduces  the  chromic  acid  of  the  solution,  producing 
chromium  sesquioxide. 

The  Bunsen  battery  differs  from  the  chromic  acid  in  em- 
ploying nitric  acid  in  the  porous  cell  and  dilute  sulphuric 
acid  in  the  jar. 

Fig.  409. 


The  Fuller  Cell. 


The  electro-motive  force  and  resistance  of  these  batte- 
ries are  about  the  same  as  in  the  Grove. 

In  the  Fuller  battery  (Fig.  409),  the  zincs,  so  long  as  they 
last,  are  permanently  amalgamated.  In  the  accompanying 
figure  two  cells  are  shown.  The  carbon  plate  is  placed  in 
the  outer  vessel  in  the  bichromate  of  soda  solution.  The 
zinc  element,  which  is  of  the  shape  shown  in  the  figure,  is 
placed  in  a  porous  cell,  into  which  an  ounce  of  mercury  is 
poured,  and  which  is  then  filled  up  with  water  only.  The 
addition  of  this  mercury  is  the  essential  feature  of  the  bat- 
tery. The  zinc  plate  is  in  this  way  kept  permanently 
amalgamated  so  long  as  it  lasts  ;  the  consequence  is  that  not 
only  is  the  internal  resistance  of  the  battery  largely  dimin- 
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ished,  but  its  constancy  is  to  a  great  extent  insured.  The 
action,  after  the  battery  is  charged  and  the  elements  are 
connected  with  each  other,  commences  almost  immediately, 
and  reaches  a  maximum  in  the  course  of  a  few  hours. 

The  rod  connected  with  the  zinc  element  requires  a  pro- 
tecting covering  of  gutta  percha. 

This  is  an  excellent  battery  f(jr  open  circuit  work.  It 
has  an  electro-motive  force  of  nearly  two  volts,  and  an 
internal  resistance  of  about  two  ohms. 

MECHANIC.\I.    DEPOLARIZATION"    OF    ELECTRODES. 

In  all  single-fluid  batteries  polarization  necessarily  takes 
place  to  some  extent,  whatever  precautions  may  be  adopted 
for  its  prevention.  The  means  of  depolarizing  single-fluid 
batteries  are  mechanical,  and  consist  in  the  agitation  of  the 
exciting  fluid  by  gravity,  as  in  the  fountain  battery,  by  air 
jets,  as  practiced  by  Grenet  and  others,  by  stirring  the  fluid 
by  mechanical  means,  by  rotating  or  swinging  the  elec- 
trodes, and  by  roughening  the  electrode,  as  in  the  case  of 
Smee's  battery,  in  which  the  platinum  plate  is  covered  with 
a  deposit  of  finely  divided  platinum. 

In  single-fluid  batteries  polarization  may  be  greatly 
retarded  by  enlarging  the  plate  on  which  the  hydrogen 
tends  to  collect,  so  as  to  afford  a  great  surface  for  its  dissi- 
pation. In  two-fluid  batteries  the  depolarization  is  effected 
by  chemical  means,  and  perhaps  more  perfectly  in  the  sul- 
phate of  copper  batteries  than  any  other. 

In  all  single-fluid  batteries  the  oxidation  of  the  zinc  lib- 
erates hydrogen,  and  this  rapidly  reduces  the  power  of  the 
battery  in  the  manner  explained  in  the  former  paper.  In 
Smee's  battery  the  microscopic  points  formed  by  the  rough- 
ened platinum  surface  facilitate  the  escape  (_>f  hydrogen, 
and  in  this  way  may  tend  to  maintain  the  power  of  the 
element. 

In  the  Grenet  battery  the  carbon  plate  quickly  polarizes, 
rendering  the  battery  unfit  for  uses  of  more  than  a  few 
minutes'  duration.  FI(,)wever,  the  agitation  of  the  exciting 
fluid  by  the  withdrawal  and  replacement  of  the  zinc  restores 
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the  battery  to  its  normal  strength.  Grenet  agitated  the 
exciting  fluid  by  means  of  air  bhiwn  in  through  glass  tubes, 
as  shown  in  Fig.  410.  This  prevents  polarization  t(j  a  great 
extent,  and  renders  the  battery  very  active.  Dr.  Byrne,  of 
Brooklyn,  adopted  this  plan  of  dei)olarization  in  his  battery 
with  remarkable  results. 

Figs.  41 1,  412,  and  413  show  a  purely  mechanical  agita- 
tor, consisting  (jf  spring-actuated  stirrers,  controlled  by  an 
electro-masfnet  of  higrh  resistance  in  a  shunt  around  the  bat- 
tery.  The  magnet  absorbs  but  a 
very  small  proportion  of  the  cur- 
rent, and  has  only  suflrcient 
power  to  move  the  lever  con- 
trolling the  spring  motor. 

This  motor,  which  ma)-  be  of 
the  cheaper  class,  is  mounted  on 
a  base.  A,  secured  to  two  parallel 
bars,  B,  carrying  the  zinc  and 
carbon  plates,  ,;•  c,  of  the  battery. 
These  plates  are  placed  flat 
against  the  bars,  B,  and  secured 
by  screws  and  w^ashers.  The  zinc 
of  one  element  is  connected  with 
the  carbon  of  the  next  by  a  wire 
passing  diagonally  through  the 
bar,  and  the  first  zinc  and  last 
carbon  are  connected  with  the 
binding  posts  at  the  ends  of  the 
bars,  B. 

The  second  shaft  in  the  train 
of  gearing  is  provided  with  a  crank  connected  by  a  rod, 
C,  with  the  lever,  D,  which  is  fastened  to  a  lock  shaft 
and  connected  with  the  bar,  E,  extending  the  whole  length 
of  the  battery  between  the  zinc  and  carbon  of  each  ele- 
ment, and  carries  a  series  of  vertical  rods,  F,  ol  vulcanite, 
one  such  rod  being  located  between  the  zinc  and  carbon 
plates  of  each  element.  The  zinc  in  one  of  the  elements  is 
broken  awa}-  in  the  engraving  to  show  this  rud,  and  the 
small   horizontal   sections  at   the  top   of  Fig.  411   show  the 
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position  of  the  rod  relative  to  the  plates.  A  swinging  arm, 
G,  supports  the  extremity 
of  the  rod,  E.  A  high  re- 
sistance magnet,  H,  mount- 
ed on  the  base,  A,  is  con- 
nected with  the  two  binding 
posts  of  the  battery,  so  as 
to  receive  a  small  portion  of 
the  current.  The  armature 
attached  to  the  lever,  I, 
when  drawn  against  the 
poles  of  the  magnet,  brings 
the  lever,  I,  into  engage- 
ment with  the  fan,  J,  which 
is  the  last  element  in  the 
train  of  gearing  composing 
the  spring  motor.  A  light 
retractile  spring  draws  the 
lever,  I,  away  from  the  fan, 
J,  and  removes  the  arma- 
ture from  the  magnet  when 
the  power  of  the  battery  is 
reduced  to  a  certain  limit. 
The  spring  motor,  being 
free  to  act,  oscillates  the 
rods,  F,  and  by  stirring  the 
exciting  liquid  disengages 
the  hydrogen  from  the 
plates,  and  brings  fresh 
liquid  into  contact  with 
the  zinc  and  carbon  and 
restores  the  strength  of  the 
battery,  when  the  armature 
of  the  magnet,  H,  will  be 
acted  upon,  bringing  the 
lever,  I,  into  engagement 
with  the  fan,  J,  and  stopping 
the  action  of  the  spring  motor  until  the  current  is  again 
weakened,  when  the  operation  just  described  will  be  repeated. 
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In  this  way  the  strength  of  the  battery  will  be  main- 
tained within  certain  limits,  until  the  liquid  is  exhausted. 
Of  course  this  system  may  be  extended  sidewise  or  length- 
wise as  much  as  ma)"  be  desired. 

All  batteries  employing  mechanical  means  of  depolari- 
zation, with,  perhaps,  the  exception  of  Smee's,  are  only 
adapted  to  uses  requiring  a  very  strong  current  for  a  lim- 
ited time. 

SECONDARY    BATTERY. 

Probably  no  secondary  battery  can  be  more  readily 
made   or   more   easily   managed   than  the  one   invented  by 

Fig.  413. 
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Plates  of  Secondary  Battery. 


Plante.  It  is,  therefore,  especially  adapted  to  the  wants  of 
the  amateur  who  makes  his  own  apparatus.  It  takes  a 
longer  time  to  f(jrm  a  Plante  batterj^  tlian  is  required  for 
the  formation  of  some  of  the  batteries  having  plates  to 
which  the  acti\e  material  has  been  applied  in  the  form  of  a 
paste,  and  its  capacity  is  not  quite  equal  to  that  of  more 
recent  batteries,  but  it  has  the  advantage  of  not  being  so 
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liable  to  injury  in  unskilled  hands   and  of  allowina;   a  more 
rapid  discharge  without  affectnig  the  active  matter. 

Each  cell  of  the  battery  consists  of  16  lead  plates,  each 
6x7  inches  and  ^?^  inch  thick,  placed  in  a  glass  jar  6x9 
inches,  with  a  depth  of  yi  inches.  Each  plate  is  provided 
with  an  arm  i!;  inches  wide  and  of  sufficient  length  to  form 
the  electrical  connections.  The  plates  are  cut  from  sheet 
lead  in  the  manner  indicated  at  3,  in  Fig.  413,  /.  r.,  two 
plates  are  cut  from  a  sheet  of  lead  8AX14  inches.  This 
method  of  cutting  effects  a  saving  of  material.  The  plates 
after  being  cut  and  flattened  are  roughened.  One  way  of 
doing  this  is  shown  in  Fig.  413^.  The  plate  is  laid  on  a 
heavy  soft-wood  plank,  and  a  piece  of  a  double-cut  file  of 
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Roughening  the  Plate. 


medium  fineness  is  driven  into  the  surface  of  the  lead  by 
means  of  a  mallet.  To  avoid  breaking  the  file,  its  temper  is 
drawn  to  a  purple.  After  the  plate  is  roughened  on  one 
side,  it  is  reversed  and  treated  in  the  same  way  upon  the 
opposite  side.  If  a  knurl  is  available,  the  roughening  may 
be  accomplished  in  less  time,  and  with  less  effort,  by  rolling 
the  knurl  over  the  plate.  Half  of  the  plates  are  provided 
with  four  oblong  perforations  into  which  are  inserted  H- 
shaped  distance  pieces  of  soft  rubber,  which  project  about 
ys  inch  on  each  side  of  the  plate.  The  perforated  and 
imperforate  plates  are  arranged  in  alternation,  with  all  of 
the  arms  of  the  perforated  plates  extending  upward  at  one 
end  of  the  element  and  all  of  the  arms  of  the  imperforate 
plates  similarly  arranged  at  the  opposite  end  of  the  element. 
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The  plates  are  clamped  together  bv  means  of  wooden  strips 
— previously  boiled  in  paraffine — and  rubber  bands.  The 
strips  are  placed  on  opposite  sides  of  the  series  of  plates  at 
the  top  and  bottom,  and  the  rubber  bands  extend  length- 
wise of  the  strips. 

The  arms  of  each  series  of  plates  are  bent  so  as  to  bring 
them  together  about  3  or  4  inches  above  the  upper  edges  of 
the  plates.  Thev  are  perforated  to  receive  brass  bolts,  each 
of  which  is  provided  with  two  nuts,  one  for  bending  the 
arms,  the  other  for  clamping  the  conductor. 


Fig.  414. 


Plates  Connected. 


This  element  is  placed  in  a  glass  cell,  on  paraffined  trian- 
gular wood  supports,  and  the  formation  is  proceeded  with. 

To  hasten  the  process,  the  cell  is  filled  with  dilute  nitric 
acid  (nitric  acid  and  water  equal  parts  by  measure),  which 
is  allowed  to  remain  for  twentA'-four  hours.  This  prelimin- 
ary treatment  modifies  the  surface  of  the  lead,  rendering  it 
somewhat  porous,  and,  in  connection  with  the  roughening, 
reduces  the  time  of  formation  from  four  or  five  weeks  down 
to  one  week.  The  nitric  acid  is  removed,  the  plates  and 
cell  are  thoroughly  washed,  and  the  cell  is  filled  with  a  solu- 
tion formed  of  sulphuric  acid  i  part,  water  9  parts. 

The  desired  number  of  cells  having  been  thus  prepared^ 
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are  connected  in  series,  and  the  poles  of  each  cell  are 
marked  so  that  they  may  be  always  connected  up  in  the 
same  way.  The  charging  current,  from  whatever  source, 
should  deliver  a  current  of  ten  amperes,  with  an  electro- 
motive force  ten  per  cent,  above  that  of  the  accumulator. 

Each  cell  of  this  battery  has  an  electro-motive  force  of 
two  volts,  and  the  voltage  of  the  series  of  cells  would  be  the 
number  of  cells  x  2.  It  is  a  simple  matter  to  determine  the 
amount  of  current  required  to  charge  a  given  number  of  cells. 
■For  example,  a  battery  is  required  for  supplying  a  series  of 
incandescent  lamps.  It  has 
been  found  uneconomical  to 
use  lamps  of  a  lower  voltage 
than  60.  It  will,  therefore, 
require  a  battery  having  an 
E.  M.  F.  of  60  volts  to  operate 
even  a  single  lamp.  This  be- 
ing the  case,  at  least  30, cells 
of  battery  must  be  provided, 
and  on  account  of  a  slight 
lowering  of  the  E.  M.  F.  in 
use,  tAvo  extra  cells  should  be 
added.  It  will,  therefore,  re- 
quire 32  cells  for  a  small  in- 
stallation, and  the  machine  for 
charging  such  a  battery  should 
be  able  to  furnish  a  current 
of  ten  amperes,  with  an  E.  M.  F.  of  75  volts.  To  form  the 
battery,  it  is  placed  in  the  circuit  of  the  dynamo  and  kept 
there  for  thirty  hours  continuously,  or  for  shorter  periods 
aggregating  thirty  hours.  It  is  then  discharged  through 
a  resistance  of  20  or  30  ohms,  and  again  recharged,  the 
connections  with  the  dynamos  being  reversed  so  as  to  send 
the  current  through  the  battery  in  the  opposite  direction. 
The  battery  is  again  discharged  through  the  resistance,  and 
again  recharged  in  a  reverse  direction.  These  operations 
are  repeated  four  or  five  times,  when  the  formation  is  com- 
plete. It  will  require  from  five  to  seven  hours  to  charge 
the  battery  after  it  is  thoroughly  formed.     It  must  always 
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be  connected  with  the  dynamo  as  connected  last  in  charging. 
Although  amateurs  may  find  pleasure  in  constructing 
and  forming  a  secondary  battery,  there  is  no  economy  in 
securing  a  battery  in  this  way.  It  is  less  expensive  and  less 
vexatious  to  purchase  from  reliable  makers. 

THERMO-ELECTRIC    CURRENT. 

Professor  Seebeck,  of  Berhn,  discovered  in  1821  that  an 

Fig.  416. 


Thermo-Electric  Series. 


electric  current  could  be  produced  by  the  direct  application 
of  heat  to  a  conductor  consisting  of  two  metals  soldered 
together,  the  heat  being  applied  to  the  junction  of  the  two 
parts  of  the  circuit. 

A  simple  thermopile  for  illustrating  this  phenomenon 
is  shown  in  Fig.  416.  It  consists  of  a  series  of  brass 
and  German  silver  bars,  alternating  in  position  and 
separated  by  strips  of  mica,  except  at  a  short  interval  at 
one  end  of  each  pair,  at  which  point  the  bars  are  connected 
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by  soldering.  The  soldering  occurs  alternately  at  opposite 
ends,  as  indicated  in  the  plan  view  in  the  lower  part  of  the 
cut.  The  battery  is  thus  formed  of  a  continuous  conduc- 
tor of  dissimilar  metals.  The  terminals  of  the  series  being 
connected  with  a  galvanometer  of  low  resistance,  heat  applied 
to  one  end  of  the  series  will  cause  a  current  to  flow.  This 
will  be  indicated  by  a  deflection  of  the  galvanometer  needle. 
The  current  will  continue  to  flow  so  long  as  a  difference  of 
temperature  of  the  ends  of  the  series  is  maintained. 


FiG.  417. 


Fig.  418. 
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Clamond's  Thermo-Electric  Battery. 

Nobili's  thermopile,  constructed  on  this  principle  from 
a  large  number  of  small  bars  of  bismuth  and  antimony, 
used  in  connection  with  a  dehcate  galvanometer,  consti- 
tutes one  of  the  most  sensitive  indicators  of  change  of  tem- 
perature known. 

Clamond's  thermo-electric  battery,  which  is  shown  in 
plan  in  Fig.  417,  in  perspective  in  Fig.  418,  and  vertical  sec- 
tion in  Fig.  419,  has  been  used  for  telegraphic  purposes  and 
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for  electro-plating.  In  this  batter}-  one  element  consists  of 
an  alloy  of  two  parts  of  antimonj-  and  one  of  zinc,  cast  in  a 
flat  spindle-shaped  bar,  B,  from  2  to  3  inches  in  length  by  f 
inch  in  thickness.  The  other  element  is  a  thin  strip,  L,  of 
tin  plate,  which  enters  a  notch  in  the  inner  end  of  one  anti- 
monv-zinc  element  and  is  connected  in  a  similar  way  with 
the  outer  end  of  the  next  element.  These  are  joined  in  a 
circle,  as  shown  in  Fig.  417,  and  are  kept  in  position  by  a 
paste  of  asbestos  and  soluble  glass.  Flat  rings,  V,  of  this 
composition  are  also  made  and  placed  between  the  series  of 

Fig.  419. 
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Vertical  Section  of  Clamond's  Battery. 

elements,  which  are  piled  one  over  the  other,  as  shown  in 
Figs.  418  and  419.  The  connection  between  the  several 
series  is  made  b}'  soldering  together  positive  terminals  of 
one  series  with  the  negative  of  the  next,  as  shown  in  Fig. 
417.  When  the  battery  is  complete  the  interior  presents  the 
appearance  of  a  perfect  cylinder. 

The  heating  is  effected  by  means  of  coal  gas,  admitted 
through  an  earthenware  tube.  A,  perforated  with  numerous 
small  holes.  The  temperature  should  not  exceed  about 
200    F. 

A  battery  of  sixty  such   elements  has  an  electro-motive 
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force  of  three  volts  and  an  internal  resistance  of  lA  ohms. 
This  battery  has  been  used  in  telegraphy,  in  electro- 
metallurgy, and  in  charging  secondary  batteries. 

ELECTRICAL     UNITS. 

Potential  is  a  term  used  to  express  various  degrees  of 
electrical  energy  or  power  of  doing  work,  and  is  used  with 
respect  to  electricity  in  much  the  same  way  as  pressure  is 
applied  to  steam.  The  earth,  so  far  as  potential  is  concerned, 
is  said  to  be  at  zero.  The  zero  point  forms  a  basis  from  which 
to  measure  the  relative  electrical  condition  of  bodies  which 
may  have  higher  or  lower  potential  than  that  of  the  earth. 

For  the  sake  of  convenience,  electricity  is  treated  as  a 
fluid.  Any  substance  through  which  it  flows  is  called  a 
conductor,  and  the  flow  of  the  fluid  over  the  conductor  is 
known  as  a  current.  Any  substance  over  which  electricity 
will  not  pass  is  called  an  insulator. 

The  difference  of  potential  between  two  points  con- 
nected by  a  conductor  causes  a  passage  of  electricity  from 
one  point  to  the  other  imtil  an  equilibrium  is  established, 
when  there  can  be  no  further  transfer  of  the  current.  When 
a  current  is  passing,  it  shows  that  there  is  a  difference  of 
potential. 

Electro-motive  force  (for  convenience  usually  written 
E.  M.  F.)  is  that  force  which  tends  to  move  electricity  from 
one  point  to  another.  It  is  proportional  to  the  difference  of 
the  potential  of  the  two  points.  There  may  be  a  difference 
of  potential  at  two  points  without  a  current.  When  the 
two  points  are  connected  by  a  conductor,  the  current  will 
be  established  by  virtue  of  the  electro-motive  force. 

All  substances  offer  more  or  less  resistance  to  the  electric 
current.  Most  metals  are  called  good  conductors,  because 
they  offer  but  little  resistance  to  the  passage  of  a  current. 
Other  materials,  such  as  wood,  stone,  glass,  are  practically 
non-conductors,  and  are  therefore  called  insulators. 

Electricit}'  being  invisible  and  imponderable,  it  is  impos- 
sible to  measure  it  as  ponderable  matter  is  measured,  there- 
fore special  units  have  been  devised  for  the  measurement  of 
electricity,  which  are  of  two  kinds,  known  as  absolute  units 
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and  practical  units,  the  ratio  between  the  two  being  some 
power  of  ten. 

In  these  measurements,  length,  mass,  and  time  are 
measured  in  centimeters,  grammes  and  seconds,  respectively. 
This  is  known  as  the  centimeter-gramme-second  method. 
The  abbreviation  for  this  method  is  C.  G.  S. 

The  absolute  units  of  this  system  are  not  adapted  to 
practical  use,  as  they  involve  figures  of  inconvenient  length, 
but  in  order  to  show  the  basis  of  electrical  measurements, 
the  following  examples  are  given  : 

The  dyne  or  absolute  unit  of  force  is  that  force  which, 
acting  for  one  second  on  a  mass  of  one  gramme,  imparts  to  it 
a  velocity  of  one  centimeter  per  second.  The  weight  of  one 
gramme  according  to  this  explanation  is  equivalent  to  a 
force  of  I  X  98o'2  =  gSca  dynes  at  New  York,  lat.  40"'  41'  N. 
(A  gramme  is  equal  to  15,432  grains,  and  a  centimeter  to 
0'3937  of  an  inch.)  The  velocity  acquired  by  a  falling  body 
in  one  second  is  32-16  feet,  or  980-2  centimeters,  at  New 
York. 

The  erg  or  absolute  unit  of  work  is  the  work  required  to 
move  a  body  one  centimeter  against  the  force  of  one  dyne. 
The  weight  of  one  gramme  being  equal  to  980  dynes,  the 
work  of  raising  one  gramme  through  one  centimeter  against 
the  force  of  gravity  is  980  ergs.  An  erg  is  equal  to  Tj.^^o.uirTr 
of  a  foot  pound.  A  toot  pound  is  work  done  in  raising  one 
pound  one  foot  high. 

A  magnetic  pole  of  unit  strength  is  such  that,  when 
placed  at  unit  distance  (one  centimeter)  from  a  similar 
pole,  the  two  will  act  upon  each  other  with  unit  force 
(one  dyne). 

A  unit  line  of  force  is  of  such  strength  as  to  act  on  a  pole 
of  unit  strength  with  unit  force  (one  dyne).  A  magnetic 
fluid  of  unit  intensity  is  one  in  which  each  square  centi- 
meter of  area  is  occupied  by  one  unit  line  of  force. 

A  current  of  unit  strength  is  such  that  when  flowing 
around  an  arc  one  centimeter  long  on  a  circle  of  one  centi- 
meter radius,  it  exerts  a  force  of  one  dyne  on  a  unit  pole 
placed  at  the  center  of  the  circle. 

A  conductor  is  of  unit  resistance  when  the  work  done  in 
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a  second  by  a  current  of  unit  strength  passing  through  it 
equals  one  erg. 

The  unit  difference  of  potential  or  electro-motive  force 
is  that  necessary  to  impel  a  current  of  unit  strength  through 
unit  resistance. 

Unit  quantity  of  electricity  is  that  conveyed  by  a  unit 
current  in  one  second. 

The  practical  units  in  most  frequent  use  are  the  volt,  the 
ohm,  and  the  ampere. 

The  volt  (equal  to  lo'  absolute  units)  or  unit  measure  of 
electro-motive  force,  or  of  difference  of  potential,  is  equal 
approximately^  to  the  electro-motive  force  possessed  b}^  one 
Daniell  cell ;  accurately,  it  is  0-95  of  the  E.  M.  F.  of  this  cell. 

The  ohm  (equal  to  10"  absolute  units)  or  unit  measure  of 
resistance  is  approximatel}^  equal  to  the  resistance  of  250 
feet  of  copper  wire  -jV  of  an  inch  in  diameter,  or  Jg  of  a  mile 
of  No.  9  telegraph  wire. 

The  ampere  (=  yV  absolute  unit)  is  the  unit  measure  of 
current  strength.  If  an  electro-motive  force  of  one  volt  be 
applied  to  send  a  current  through  a  resistance  of  one  ohm, 
the  strength  of  the  current  produced  will  be  one  ampere  ; 
that  is  to  say  the  strength  of  a  current  in  amperes  varies 
directly  as  the  electro-motive  force  applied  to  produce  it, 
and  inversely  as  the  resistance  of  the  circuit.  This  is 
expressed  by  the  formula  known  as  Ohm's  law: 

E 
C  =-  —  where 
R 

C  is  strength  of  current  in  amperes, 
E  is  electro-motive  force  in  volts, 
R  is  the  resistance  in  ohms. 

The  coulomb  (yV  absolute  unit)  is  the  unit  of  quantity, 
and  represents  the  amount  of  electricity  conveyed  by  one 
ampere  of  current  acting  for  one  second.  This  is  repre- 
sented by  the  formula  : 

O 
C  =  —  or  O  —  Ct,  where 
f 

C  is  the  current  in  amperes, 
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Q  is  the  quantity  of  electricity  in  coulombs, 
/  is  the  time  in  seconds. 

For  example,  if  a  current  of  a  strength  of  5  amperes 
flows  for  ten  seconds,  the  amount  of  electricity  which 
passes  during  that  period  will  be  50  coulombs. 

The  farad  (  lo"'  absolute  units)  is  the  measure  of  capa- 
city, and  is  such  that  a  condenser  of  one  farad  of  capacity 
could  be  raised  to  the  potential  of  one  volt  by  a  charge  of 
one  coulomb  of  electricit}-,  or  in  other  words,  b}^  a  current 
strength  of  one  ampere  acting  for  one  second. 

As  a  condenser  of  the  capacity  of  one  farad  would  be 
inconveniently  large,  the  microfarad,  or  one-millionth  part 
of  a  farad,  is  the  unit  generally  used. 

Since  it  is  frequentl)^  necessary  to  measure  quantities 
millions  of  times  greater  or  less  than  the  practical  units,  the 
prefix  mega  has  been  adopted  to  represent  one  million  times, 
micro  one  millionth  part,  and  ;//////  one  thousandth  part.  In 
this  way  the  megohm  signifies  one  million  ohms,  and  milli- 
ampere  one  thousandth  part  of  an  ampere. 

The  gramme-degree  (or  calorie)  the  C.  G.  S.  unit  of  heat 
is  the  amount  required  to  raise  one  gramme  of  water  one 
degree  centigrade,  and  is  equal  to  the  work  of  42  million 
ergs  or  3yY  foot  pounds.  The  work  required  to  raise  one 
poimd  of  water  one  degree  Fahrenheit  is  equivalent  to 
about  772  foot  pounds. 

The  heat  developed  in  a  circuit  depends  upon  the 
strength  of  the  current,  the  time  that  it  acts,  and  the  resist- 
ance of  the  conductor,  and  is  calculated  by  the  following 
formula,  called  Joule's  law  : 

C-  R' 

H  =-  where 

4-2 

C  is  the  current  in  amperes, 

R  is  the  resistance  in  ohms, 

t  is  the  time  in  seconds. 

H  is  heat  in  calories,  or  gramme  degrees  centigrade,  as 

above. 
The  joule  or  practical  unit  of  heat  is  the  amount  of  heat 
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caused  by  a  current  of  one  ampere  acting  through  a  resist- 
ance of  one  ohm  in  one  second,  and  the  heat  may  be  calcu- 
lated by  the  formula: 

J  ^  C"  R,  where 

C  is  the  current  in  amperes, 

R  is  the  resistance  in  ohms, 

J  is  heat  in  joules. 

The  watt  or  practical  unit  of  the  rate  of  doing  work  is 
equal  to  ten  million  ergs  (lo''  absolute  C.  G.  S.  units)  per 
second,  or  to  the  work  produced  in  that  time  by  one  ampere 
of  current  of  an  electro-motive  force  of  one  volt  acting 
through  a  resistance  of  one  ohm. 

The  horse  power  is  the  unit  of  rate  of  work  commonly 
used  by  engineers. 

An  actual  horse  power  is  equivalent  to  33,000  pounds 
raised  one  foot  in  one  minute,  or  550  foot  pounds  per 
second. 

The  electrical  horse  power  is  equal  to  746  watts.  The 
work  expended  in  a  circuit  in  producing  a  current  of  a  cer- 
tain strength  and  of  known  electro-motive  force,  or  against 
a  known  resistance,  can  be  calculated  by  the  following  form- 
ula, which,  however,  only  represents  the  work  expended 
in  the  circuit  itself,  and  does  not  make  allowance  for  that 
wasted  in  the  generator  and  in  the  prime  motor: 
W  =  C  E  or  W  =-  C-  R  or 

C    E  C^R 

H  P  = or where 

746  746 

C  is  the  current  in  amperes, 

E  is  the  electro-motive  force  in  volts, 

R  is  the  resistance  in  ohms, 

W  is  the  work  in  watts, 

H   P  is  the  actual  horse  power  * 

ARRANGEMENT  OF  BATTERY  CELLS. 

To  secure  the  greatest  efficiency  in  a  battery,  the  ele- 
ments must  be  arranged  so   as  to   adapt  the  electro-motive 

*  These  concise  definitions  are  taken  from  ''  Practical  Electric  Light- 
ing," by  A.  Bromley  Holmes. 


430 


EXPERIMENTAL    SCIENCE. 


Fig.  420. 
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force  and  the  internal  resistance  to  the  resistance  of  the  ex- 
ternal circuit.  To  accompHsh  this  the  batteries  are  con- 
nected up  in  different  ways,  so  as  to  yield  currents  of  high 
voltage  and  low  amperage,  or  the  reverse. 

To  facilitate  the  explanation  of  the  method  of  connect- 
ing batteries,  it  will  be  necessarv  to  describe  the  conven- 
tional sign  bv  which  the  element  is  designated.  Fig.  420 
represents  the  symbol  or  conventional  sign  for  a  single 
cell  of  any  battery.  The  short,  thick  line  represents  the 
zinc,  and  consequenth'  the  negative  pole  of 
the  battery,  while  the  longer,  thin  line  stands 
for  the  platinum,  copper,  or  carbon  plate,  and 
the  positive  pole.  The  minus  sign  (-)  is  used 
to  designate  the  negative  pole,  while  the  plus 
sign  (  +  )  is  used  to  designate  the  positive  pole. 
When  a  number  of  cells  are  connected  together,  as 
shown  in  Fig.  421,  that  is,  with  the  positive  pole  of  one  cell 
connected  with  the  negative  of  the  adjoining  cell,  with  the 
terminal  cells  connected  with  the  conductors,  the  battery  is 
connected  up  in  series;  and  when  so  connected  it  yields  the 
highest  electro-motive  force  of  which  it  is  capable ;  that  is 
to  say,  it  yields  the  electro-motive  force  of  a  single  cell 
multiplied  by  the  number  of  cells  in  series. 

A  current  of  this  kind  is  adapted  to  overcome  high  re- 
sistances.    If  a  single  cell 
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of  battery  has  an   electro- 
motive force    of  one   volt,  _ 

then    12   cells  of  a  battery      

connected  in  series  would 
have     an    electro-motive 

force  of  12  volts.  Now,  to  secure  the  best  effects  with  a 
battery,  the  external  resistance  through  which  the  current 
must  work  should  be  equal  to  the  internal  resistance  of  the 
battery.  In  this  case,  if  each  cell  of  batterv  has  a  resist- 
ance of  5  ohms,  the  total  resistance  of  the  batterv  would 
be  60  ohms  ;  therefore,  a  battery  arranged  in  this  wa)'  is 
best  adapted  to  an  external  circuit  having  a  resistance  of 
60  ohms. 

As  the  current  is  equal  to  the  electro-motive  force  divided 
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by  the  resistance 


(-i) 


in  this  case  the  electro-motive 


force  beincr  12  volts  and  the  total  resistance  of  the  circuit 


being   120   ohms,  C 


O'l    ampere.      We 


120 


have   then   a   current   with  the  strength  of  o'l 


having  an 


electro-motive  force  ot   12 


ampere, 
volts. 

Perhaps  the  difference  resulting  from  the 
methods  of  connecting  up  batteries  cannot  be 
better  shown  than  b}'  taking  the  opposite 
extreme.  The  12  cells  of  battery  are  con- 
nected up  in  parallel  circuit ;  that  is  to  say,  all 
the  positive  poles  are  connected  with  one 
conductor,  and  all  the  negative  poles  are 
connected  with  another  conductor,  as  shown 
in  Fig.  422.  In  this  case,  each  cell  of  battery 
having  a  resistance  of  5  ohms,  the  total  resist- 
ance of  the  12  cells  connected  in  parallel  will 
be  j\  of  5  ohms,  which  is  a  little  more  than 
0"4i  of  an  ohm,  and  the  electro-motive  force 
of  a  battery  thus  connected  will  be  only  that 
of  a  single  cell;  then,  making  the  external  resist- 
ance equal  to  the  internal  resistance  of  the 
battery,  the  total   resistance  of   the  circuit   will 

E 

be  0-82    ohm.      Now,    by  Ohm's    law,  C  ^  — 

R 


we  will  have 


0-82 


r2i9  amperes. 


Where  the  cells  are  connected  three  in 
series,  with  four  such  series  parallel,  as  shown 
in  Fig.  423,  the  electro-motive  force  will  be 
three  volts  (this  quantity  remaining  the  same 
for  any  number  of  series  of  three  connected 
parallel).  The  resistance  is  inversely  as  the 
number   of  series;   assuming    the  resistance    to 
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be    5    ohms   per   cell,  the   resistance   of  one   series  would 
be    15    ohms,    and   that   of   four   series    connected   parallel 

15 
would  be  —  =  375.     Now,  making  the  external  resistance 

4 
of    the   circuit  equal  to  the  resistance  of  the  battery,  the 

Fig,  423. 


total  resistance  of  the  circuit  would  be  internal  resistance 
375  +  external  resistance    375  =  7"5     ohms;  and  by  the 

E  .  3 

formula  C  ^  —  we  will  have  —  =  o"4  ampere. 

R  7-5 

In  Fig.  424  the  cells  are  arranged  in  three  parallel  series 
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of  four  each.  The  electro-motive  force  is  4  volts,  the 
resistance  of  each  series  is  20  ohms ;  this  divided  by  the 
number  of  series  =  6-66  ohms.  Adding  the  resistance  of  the 
external  circuit,  which  should  be  the  same,  the  total  resist- 
ance of  the  circuit  would  be  i3"32  ohms.  The  electro-motive 
force,  which  is  4  volts,  divided  by  this  resistance  =  0-3  am- 
pere. 
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Take  another  example,  in  which  12  cells  are  arranged  in 
two  series  of  6  each.  The  electro-motive  force  will  be  6 
volts,  the  resistance  15  ohms,  and  if  a  similar  resistance  be 
added  in  the  external  circuit,  the  total  resistance  will  be  30 
ohms,  and  the  current  strength  will  be  0'2  ampere. 

If,  however,  a  resistance  of  60  ohms  be  placed  in  the  ex- 
ternal circuit,  with  cells  arranged  as  in  Fig.  425,  the  lotal 
resistance   of    the    circuit  then  being  75    ohms,  the   current 

6 
strength  would    be  —  =  O'cS   ampere,    which   is  much  less 

75 
than  that  obtained  by  the  first  arrangement,  in  which  all  the 


Fig.  425. 


■cells  are  in  series.  Or  take  the  first 
example,  in  which  all  of  the  cells  are  in 
series,  and  make  the  external  resistance 
15  ohms,  instead  of  60.  The  current 
strength  would  be  o-i6  ampere,  but  the 
extra  strength  would  be  attended  with 
an  undue  loss  in  the  battery. 

It  will  thus  be  seen  that  by  connect- 
ing cells  in  series  the  highest  electro- 
motive force  is  secured,  while  cells  must 
be  connected   parallel   for  the  greatest  strength  of  current. 

GALVANOMETERS. 

No  one  can  go  very  deeply  into  the  study  of  electricity 
without  reaching  the  subject  of  electrical  measurements;  cer- 
tainly very  little  can  be  done  in  this  direction  without  a  gal- 
vanometer of  some  kind.  The  simple  instrument  already 
described  answers  very  well  for  detecting  currents  and 
showing  their  direction,  but  it  is  not  sufficiently  delicate  to 
be  of  value  in  electrical  measurements. 

Among  all  the  galvanometers  yet  invented,  there  is  per- 
haps none  possessing  so  many  good  qualities  as  the  one 
shown  in  Fig.  426.  It  is  very  simple.  The  materials  are 
inexpensive.  No  great  mechanical  skill  is  required  in  its 
construction,  and  its  sensitiveness  and  accuracy  are  suffi- 
cient for  most  requirements.  Besides  all  this,  it  is  perfectly 
■"dead  beat,"  so  that  no  time  need  be  wasted  in  waiting  for 
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the  instrument  to  come  to  rest.     This    galvanometer  is  the 
joint  invention  of  MM.  Deprez   and  D'Arsonval,  of  Paris. 


Fig.  426. 
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Deprez-D'Arsonval   Galvanometer. 


It  consists  essentially  of  a  rectangular  coil  of  fine  wire  sus- 
pended on  strained  torsional  wires  in  a  strong  magnetic  field. 
To  the  base  is  secured,  by  means  of  angle  pla'tes,  a  com- 
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pound  U-magnet,  7  inches  high,  formed  of  three  steel  mag- 
nets, one-quarter  inch  thicic,  secured  together  and  to  the 
angle  plates  by  bolts.  The  distance  between  the  inner  faces 
of  the  poles  of  the  magnet  is  i  ">  inches.  Two  and  three- 
quarter  inches  behind  the  center  of  the  magnet  a  brass  col- 
umn rises  from  the  base,  and  is  provided  near  its  center 
with  an  adjustable  brass  arm,  supporting  at  its  outer  end, 
and  exactly  in  the  center  of  the  space  between  the  poles  of 
the  magnet,  a  hollow  soft  iron  cylinder,  2^/x  inches  long, 
1-^2  inches  in  external  diameter,  ^|  inch  in  internal  diameter. 
The  top  of  this  cylinder  is  even  with  the  upper  ends  of  the 
magnet.  To  the  top  of  the  brass  column  is  secured,  at  right 
angles,  an  arm  that  extends  over  the  hollow  iron  cylinder, 
and  is  provided  with  a  vertical  sleeve,  in  which  is  clamped 
a  rod  having  on  its  lower  end  a  small  silver  hook,  arranged 
axially  in  line  with  the  iron  cylinder. 

To  a  block  attached  to  the  base,  opposite  the  center  of 
the  magnet,  is  secured  a  tapering  spring,  j\  inch  thick  and 
3f  inches  long,  carrying  at  its  free  end  a  small  silver  hook, 
which  is  arranged  in  line  with  the  axis  of  the  iron  cylinder. 

A  rectangular  coil  of  No.  40  silk-covered  copper  wire, 
large  enough  to  swing  freely  over  the  iron  C3dinder,  is  sus- 
pended by  a  hard-drawn  No.  32  (o-oo8  inch  in  diameter)  sil- 
ver wire  from  the  hook  above,  and  is  connected  by  a  simi- 
lar wire  with  the  hook  on  the  spring  below.  The  upper 
wire  is  2}^  inches  long  between  its  connections,  the  lower 
one  2f  inches. 

The  sides  of  the  rectangular  coil  are  flat,  being  about  Vg 
inch  thick  and  y\  inch  wide.  The  resistance  of  the  coil  is 
1 50  ohms.  The  silver  hooks  are  connected  with  opposite 
ends  of  the  coil,  in  the  manner  shown  at  4  and  5,  Fig.  426^. 
Each  hook  is  provided  with  a  flat  head,  which  is  secured 
between  two  thick  plates  of  mica,  the  shank  of  the  hook 
projecting  through  a  hole  in  the  outer  mica  plate.  Each 
pair  of  mica  plates  is  secured  in  place  on  the  coil  by  a  wind- 
ino"  of  silk,  which  is  coated  with  shellac  varnish  to  prevent 
the  plates  from  sHpping.  The  hooks  are  arranged  exactly 
in  the  middle  of  the  ends  of  the  coil,  so  that  when  the  coil  is 
supported  in  the  position  of  use  by  the   silver   wires,  it  will 


436 


EXPERIMENTAL    SCIENCE. 


oscillate  freely  between  the  poles  of  the  magnet  and  the  iron 
cyhnder.  The  terminals  of  the  coil  are  soldered  to  the  sil- 
ver hooks.  The  upper  hook  is  made  a  little  more  than  a  half 
inch  long,  to  receive  a  small  concave  mirror,  as  shown  at 
4,  which  is  secured  in  place  bj'  cement  or  wax.  The  mirror 
has  a  focus  of  i  meter. 

The  relation  of  the  magnet,  A,  the  coil,  C,  and  the  iron 
cylinder,  B,  are  clearly  shown  at  3,  which  is  a  horizontal 
section  taken  through  those  parts. 

A  glass  shade  protects  the  delicate  parts  of  the  instru- 
ment. The  two  binding  posts,  which  are  outside  of  the 
glass  shade,  are  connected  under  the  base  with  the  brass 
column  and  the  spring,  so  that  the  current  passes  from  one 

Fig.  426a. 
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3,  Horizontal  Section  of  Magnet    Coil,  and  Core.       4  and  5,   Details  of 
Deprez's  Galvanometer. 


binding  post  to  the  column,  thence  down  the  upper  silver 
wire,  then  through  the  coil,  the  lower  silver  wire,  and  the 
spring  to  the  other  binding  post. 

The  silver  wires  are  placed  under  considerable  tension, 
and  the  coil  is  adjusted  to  a  central  position  by  turning  the 
hooked  rod  at  the  top  of  the  instrument. 

When  an  electric  current  is  sent  through  the  coil,  it 
tends  to  assume  a  position  at  right  angles  with  a  line  join- 
ing the  two  poles  of  the  magnet,  the  amount  of  displace- 
ment of  the  coil  from  its  normal  position  depending  on  the 
strength  of  the  current.  As  the  deflection  for  a  very  light 
current  is  small,  a  beam  of  light  reflected  from  the  concave 
mirror  is  employed  as  an  index.  The  scale  is  arranged  as 
shown  in  Fig.  427,  the  light  being  projected   from  a  lamp, 
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supported  at  the  proper  height  behind  the  scale,  through  a 
slit  below  the  scale  and  on  to  the  concave  mirror.  The  mir- 
ror reflects  the  beam  on  to  the  scale.  The  mark  at  the  cen- 
ter of  the  scale  is  o,  and  arbitrary  numbers,  running  upward 


13 
CO 


regularly,  are  arranged  on  the  marks  on  opposite  sides  of  o. 
The  common  paper  scale  used  by  draughtsmen  answers  for 
this  purpose. 

When  the  coil  is  at  rest,  the  light  spot  remains  at  the 
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center  of  the  scale,  but  when  a  current  passes  through  the 
coil,  the  beam  moves  steadily  forward  and  stops  without 
oscillation,  the  distance  through  which  it  moves  depending, 
of  course,  on  the  strength  of  the  current.  The  coil  is 
returned  to  its  normal  position  by  the  spring  of  the  silver 
wires. 

By  employing  shunts,  heavy  currents  may  be  measured 
with  the  aid  of  this  instrument.  The  sensitiveness  of  this 
galvanometer  is  so  great  as  to  indicate  a  current  when  the 
ends  of  two  No.  i8  copper  wires  connected  with  it  are 
placed  on  opposite  sides  of  the  tongue. 

The  coil  is  carefully  wound  over  a  form  covered  with 
paper,  each  la3'er  of  wire  being  varnished  with  shellac  var- 
nish as  the  work  of  winding  progresses.  When  the  coil  is 
complete,  the  coil,  together  with  the  form,  is  heated  in  a 
warm  oven  until  the  varnish  becomes  hard  throughout  the 
coil. 

The  concave  mirror  may  be  purchased  from  the  optician, 
or  a  very  fair  mirror  may  be  made  by  cutting  a  small  disk 
from  a  double  convex  spectacle  lens  of  20  or  30  inch  focus, 
and  silvering  it.  A  simple  and  quick  way  of  silvering  a 
small  surface  consists  in  scraping  from  the  back  of  a  piece 
of  ordinary  looking  glass  all  the  silvering,  except  a  patch  of 
the  size  of  the  mirror  to  be  silvered.  A  small  drop  of  mer- 
cury placed  on  the  patch  soon  loosens  it,  so  that  it  may  be 
slid  from  the  glass  and  transferred  to  the  disk,  which  must 
be  perfectly  clean.  After  the  patch  is  in  position,  a  piece 
of  tin  foil  is  placed  on  the  back  of  the  disk,  pressed  down 
firmly,  and  allowed  to  remain  long  enough  to  absorb  all 
of  the  surplus  mercury.  It  is  then  removed,  and  the 
transferred  silver  will  be  found  adhering  strongly  to  the 
disk. 

The  various  dimensions  above  given  are  taken  from  an 
almost  exact  copy  of  a  Deprez-D'Arsonval  galvanometer 
made  by  Carpentier,  of  Paris.  The  copy  operates  admir- 
ably. It  is  probable,  however,  that  a  considerable  devia- 
tion from  these  dimensions  might  be  made  without  seriously 
affecting  the  value  of  the  instrument. 

The    tangent   galvanometer  is   of  great   importance   in 
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Fig.  428. 


electrical  measurements,  especially  in  the  class  relating  to 
currents.  The  principle  of  the  instrument  is  illustrated  by 
Fig.  428.  In  a  narrow  coil  of  wire  is  suspended  a  short 
magnetized  needle,  whose  length  does  not  exceed  one-twelfth 
the  diameter  of  the  coil.  Two  light  pointers  are  connected 
with  the  needle  at  right  angles  thereto.  When  a  current  is 
sent  through  this  coil,  the  needle  is  deflected  to  the  right 
or  left,  according  to  the  direction  of  the  current,  and  the 
amount  of  deflection  is  dependent  upon,  but  not  propor- 
tional to,  the  strength  of  the  current.  It  is,  however,  pro- 
portional to  the  tangent  of  the 
angle  of  deflection. 

A  practical  tangent  galvano- 
meter is  shown  in  Fig.  429.  In 
this  instrument  the  conductor  is 
wound  upon  a  grooved  wooden 
ring  9  inches  in  diameter,  the 
groove  being  f  inch  wide  and  i 
inch  deep.  The  wooden  ring  is 
mounted  in  a  circular  base  piece, 
which  is  pivoted  to  the  lower 
base  to  admit  of  adjustment. 
The  lower  base  is  provided  with 
three  leveling  screws,  which  are 
bored  longitudinally  to  receive 
pointed  wires,  which  are  driven 
into  the  table  to  prevent  the 
instrument  from  sliding.  The  lower  base  is  provided  with 
an  angled  arm,  which  extends  over  the  upper  base  piece, 
and  is  provided  with  a  screw  for  clamping  the  latter  when 
adjusted. 

The  winding  of  the  ring  is  divided  into  five  sections 
having  different  resistances,  so  that  by  means  of  a  plug  in- 
serted in  the  switch  on  the  base  the  resistance  may  be  made 
o,  I,  10,  50,  or  150  ohms. 

Fig.  430  is  a  diagram  showing  the  coils  and  the  switch 
connections  stretched  out.  The  first  coil,  (7,  is  a  band  of 
copper  J  inch  wide  and  ^\  inch  thick,  with  practically  no 
resistance.     The  other  coils  are  of  iFe«^    The  coils,  /'  and  a, 


Principle  of  Tangent 
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tog-ether,  have  a  resistance  of  one  ohm.  The  coils,  c,  b,  a, 
have  a  combined  resistance  of  lo  ohms.  The  coil,  d,  together 
with  the  preceding,  offers  a  resistance  of  50  ohms,  and  the 
combined  resistance  of  all  of  the  coils,  c,  d,  c,  b,  a,  is  150 
ohms. 

The  conductors  are  connected  with  the  binding  posts, 
fg,  and  the  current  flows  through  the  coils  in  succession. 

Fig.  429. 


Tangent  Galvanometer. 

until  it  reaches  one  of  the  smaller  switch  plates,  which  is 
connected  with  the  plate.  A,  by  the  plug.  In  the  present 
case  the  plug  is  inserted  between  the  plate  marked  i  and 
the  plate.  A,  causing  the  current  to  flow  from  the  binding 
post,/,  through  the  coils,  a,  b,  and  plate.  A,  to  the  binding 
post,  g.  The  resistance  of  the  galvanometer  is  obviously 
one  ohm. 

The  magnetic  needle,  which  is  f  inch  long,  is   located 
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exactly  at  the  center  of  the  ring,  and  deHcately  poised  on  a 
fine  hard  steel  point.  The  needle  should  be  jeweled  to  re- 
duce the  friction  and  wear  to  a  minimum.  To  the  sides  of 
the  needle  are  attached  indexes  of  aluminum  having  flat 
ends,  each  of  which  is  provided  with  a  fine  mark  represent- 
ing the  center  line  of  the  index.  The  box  containing  the 
scale  and  the  needle  is  supported  by  a  cross-bar  attached  to 
the  wooden  ring.  To  the  top  of  the  wooden  ring  is  attached 
a  brass  standard,  which  is  axially  in  line  with  the  compass 
needle. 

Upon    the    standard    is    mounted    a    bar  magnet,  which 
may  be  adjusted  at  any  angle  or  raised  or  lowered.     This 

Fig.  430. 


Arrangement  of  Switch  Connections. 


magnet  serves  as  an  artificial  meridian  when  the  galvano- 
meter is  used  for  ordinary  work.  When  it  is  used  as  a  tan- 
gent galvanometer,  the  magnet  is  removed. 

The  Deprez  galvanometer  is  independent  of  the  earth's 
magnetism,  but  the  tangent  galvanometer  must  be  arranged 
with  the  coil  and  the  needle  in  the  magnetic  meridian,  and 
its  adjustment  must  be  such  that  a  current  which  produces 
a  certain  deflection  of  the  needle  in  one  direction  will,  when 
reversed,  produce  a  like  deflection  in  the  opposite  direction. 
The  angle  of  maximum  sensitiveness  in  the  tangent  galvan- 
ometer is  45° ;  therefore,  when  it  is  possible  to  do  so,  the 
current  should  be  arranged  to  produce  a  deflection  approxi- 
mating 45°. 
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ELECTRICAL    MEASUREMENTS. 

The  resistance  of  a  battery  may  be  ascertained  by  means 
of  the  tangent  galvanometer  as  follows :  The  batter}'  is 
connected  with  the  galvanometer,  and  the  deflection  of  the 
needle  is  noted  ;  then  a  variable  resistance  is  introduced  and 
adjusted  until  there  is  a  deflection,  the  tangent  of  the  angle 
of  which  is  equal  to  one-half  the  tangent  of  the  angle  of  the 
first  deflection.  The  resistance  thus  introduced  is  equal  to 
that  of  the  battery  and  galvanometer.  Take  from  this 
quantity  the  resistance  of  the  galvanometer,  and  the  re- 
mainder will  be  the  resistance  of  the  battery.* 

For  example,  when  a  battery  placed  in  circuit  with  a 
tangent  galvanometer  produces  a  deflection  of  48°,  the  tan- 
gent of  that  angle  being  riii,  half  of  this  quantity  would 
be  o'555,  which  is  very  nearly  the  tangent  of  the  angle  of 
29° ;  therefore,  resistance  is  introduced  until  the  needle  falls 
back  to  29°.  Assuming  this  resistance  to  be  15  ohms,  and 
the  resistance  of  the  galvanometer  to  be  10  ohms,  the  gal- 
vanometer resistance  deducted  from  the  resistance  intro 
duced  leaves  5  ohms,  which  is  the  resistance  of  the  battery. 

To  measure  the  electro-motive  force  of  a  battery,  a 
standard  cell  is  necessary.  A  Daniell  or  gravity  cell,  hav- 
ing an  E.  M.  F.  of  ro79  volts,  is  commonly  used.  This  is 
connected  with  the  tangent  galvanometer,  and  the  deflection 
and  total  resistance  in  the  circuit,  which  should  be  high,  is 
noted.  The  standard  batter}'  is  then  removed  and  the  one 
to  be  measured  is  inserted  in  its  place,  and  the  resistance 
of  the  circuit  is  adjusted  until  the  deflection  of  the  gal- 
vanometer needle  is  the  same  as  in  the  first  case.  It  now 
becomes  a  matter  of  simple  proportion,  which  is  as  follows  : 

E.  M.  F.  E.  M.    F.  Total  Total 

of  standard     :      of  battery  :     :     resistance  :      resistance 
batter)'.                  being                           in  first  in  second 

measured,  case.  case. 

Assuming  the  resistance  in  the  first  case  to  have  been 
2,500  ohms,  and  that  in  the  second  case  2,000  ohms,  the  pro- 
portion would  stand  thus  : 

Unknown 

i'079   :    E.  M.  F.      :  :      2,500     :     2,000 
*  A  table  of  natural  tangents  is  given  at  the  close  of  this  chapter. 
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or  as  5  to  4.  The  E.  M.  F.  of  the  battery  measured  is  there- 
fore 0-8632  volt. 

A  convenient  arrangement  of  the  tangent  galvanometer 
scale  is  to  have  one  side  of  the  scale  divided  into  degrees, 
the  other  side  being  arranged  according  to  the  tangent 
principle,  so  that  the  reading  will  be  direct  and  reference  to 
the  table  of  tangents  will  be  avoided. 

The  simplest  method  of  measuring  resistance  is  that 
known  as  the  substitution  method,  in  which  the  unknown  re- 

FiG.   431. 


Diagram  of  Wheatstone's  Bridge. 


sistance  and  a  galvanometer  are  placed  in  the  circuit  of  the 
battery.  The  deflection  of  the  galvanometer  needle  is  noted. 
A  variable  known  resistance  is  then  substituted  for  the  un- 
known resistance,  and  adjusted  until  the  deflection  is  the 
same  as  in  the  first  case.  The  variable  known  resistance  will 
then  equal  the  unknown  resistance.  If  the  current  is  so 
great  as  to  cause  a  deflection  of  the  needle  much  exceed- 
ing 45°,  it  should  be  reduced  either  by  removing  some  of 
the  battery  or  by  the  introduction  of  extra  resistance  into 
the  circuit.  The  same  conditions  must  obtain  throughout 
the  measurement. 
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The  Wheatstone  bridge  presents  the  best  known  method 
of  quickl_y  and  accuratel)'  measuring  resistances.  Any  gal- 
vanometer ma)'  be  used  in  connection  with  the  bridge, 
that  shown  in  Fig.  428  being  the  best  for  most  purposes. 
The  bridge  method  was  originallj'  devised  bj'  Mr.  Christie. 
The  late  Sir  Charles  Wheatstone's  name  is  attached  to  the 
invention,  in  consequence  of  his  having  brought  it  before 
the  public.  The  principle  of  this  apparatus  is  illustrated 
in  Fig.  431.  A  current,  in  passing  from  i  to  2,  divides,  a 
part  passing  over  i,  a,  2,  another  part  passing  over  \,  b,  2. 
For  ever}'  point  in  i,  a,  2  there  is  a  point  in  \,  b,  2  having 
the  same  potential.  If  these  two  points  of  equal  potential 
be  joined  by  a  conductor,  no  current  will  pass  through  the 

Fig.  432. 


Bridge  Resistance  Box 


conductor.  In  the  diagram  the  points  of  equal  potential 
are  marked  a,  b,  and  they  are  connected  by  a  conductor 
in  which  is  inserted  a  galvanometer. 

A,  B,  and  Care  known  resistances,  and  D  is  the  unknown 
resistance.  When  A  :  B  :  :  C  :  D,  the  galvanometer 
needle  will  stand  at  o.  The  resistance,  C,  is  variable,  so 
that  when  the  unknown  resistance,  D,  is  inserted,  the  resist- 
ance, A,  is  adjusted  until  the  needle  falls  back  to  o. 

The  commercial  form  of  Wheatstone's  bridge  is  repre- 
sented in  Fig.  432. 

In  this  instrument  a  number  of  coils  are  suspended  from 
the  vulcanite  cover  of  the  box  and  connected  with  brass 
blocks  attached  to  the  cover  in  the  manner  shown  in  Fig. 
433,  which  represents  a  part  of  the  resistance  box. 

The  terminals  of  the  coils  are  connected  with  adjacent 
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blocks,  so  that  a  current  entering  at  A  will  pass  from  the 
first  block  down  through  the  first  coil,  thence  to  the  second 
block.  In  the  present  case  the  second  and  third  blocks  are 
connected  electrically  by  a  plug  inserted  between  them,  so 
that  the  second  coil  is  cut  out,  the  current  taking  the  path 
of  least  resistance.     The  current  can  pass  from  the  third  to 

Fig,  433. 


Resistance   Box   Connections. 

the  fourth  blocks  only  by  going  through  the  third  coil,  and  to 
pass  from  the  fourth  block  to  the  fifth,  the  current  must 
pass  through  the  fourth  coil.  Whenever  a  plug  is  inserted  it 
cuts  out  the  coil  connected  with  the  blocks  between  which 
the  plug  is  placed,  and  when  a  plug  is  removed  the  coil  at 
that   point   is   thrown    into    the   circuit.     The   coils   of    the 

Fig.  434. 


Diagram  of  Bridge  Connection. 

resistance  box  are  wound  double,  so  that  the  current  passes 
into  the  coil  in  one  direction  and  out  of  it  in  the  opp(.)site 
direction,  thus  perfectly  neutrabzing  any  magnetic  effects. 
Fig.  434  represents  the  top  of  the  bridge  resistance  box, 
and    the    circuits    diagrammatically.     The  three    branches 
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including  the  known  resistance  of  the  bridge  are  contained 
in  the  resistance  box.  In  this  diagram  the  connections  of 
the  battery  and  galvanometer,  as  shown  in  Fig.  431,  are 
transposed  for  the  sake  of  convenience  in  calculation,  but 
the  results  are  the  same.  The  resistances,  A  B,  of  Fig.  43 1 
are  each  replaced  here  by  three  coils  of  10,  100,  and  1,000 
ohms.  These  are  called  the  proportional  coils.  The  rest 
of  the  resistance  box  constitutes  the  adjustable  resistance ; 
and  X,  connected  at  D  and  C,  is  the  unknown  resistance. 

The  galvanometer  is  connected  at  D  B,  and  the  battery 
at  A  C.  The  value  of  the  unknown  resistance,  x,  is  deter- 
mined by  simple  proportion, 

x:YL:     ■.$:?>. 

As  shown  in  Fig.  434,  the  variable  resistance  R  ^  2163 
ohms,  ^  ^  10  ohms,  and  S  ==  1,000  ohms,  therefore  x^  21-63 
ohms. 

The  value  of  the  proportional  coils  may  be  expressed  as 
follows : 
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The  arrangement  of  the  proportional  coils  may  be  1,000: 
1,000  for  large  resistances,  and  10  :  10  for  small  resistances. 
In  using  the  Wheatstone  bridge  in  testing  cables  or  in 
measuring  the  resistance  of  an  electro-magnet,  or  a  coil,  to 
avoid  delay  caused  by  the  deflection  of  the  needle  before 
the  current  becomes  steady,  it  is  best  to  send  a  current 
through  the  four  arms  of  the  bridge  (s,  S",  R,  x)  before  it  is 
allowed  to  pass  through  the  galvanometer.     This  is  accom- 

1 

Fig.  435. 
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Bridge  Key  and  Connections. 


plished  by  means  of  the  bridge  key,  shown  in  Fig.  435,  to- 
gether with  its  connections. 

This  is  in  realit}?  nothing  more  than  a  double  key 
arranged  to  control  the  two  parts  of  the  circuit  independ- 
ently, the  upper  key  being  arranged  so  that  after  it  is  closed 
it  may  be  still  farther  depressed  to  close  the  lower  one,  the 
two  keys  being  separated  by  an  insulating  button. 

The  binding  posts,  a  b,  of  the  upper  key  are  inserted  in 
the  wire  which  includes  the  battery,  while  the  binding  posts, 


448 


EXPERIMENTAL    SCIENCE. 


c  d,  of  the  lower  ke}-  are  inserted  in  the  conductor  including 
the  galvanometer.  When  this  key  is  depressed  it  first  sends 
the  current  through  the  arms  of  the  bridge,  and  then  allows 
it  to  pass  through  the  galvanometer.* 

JOINT    RESISTANCE    OF    BRANCH    CIRCUITS. 

The  resistance  of  a  conductor  is  directly  proportional  to 
its  length  and  inversely  proportional  to  its  sectional  area, 
and  the  conductivity  of  a  wire  is  the  reciprocal  of  its  resist- 

FiG    436. 


Branch  Circuits. 


ance.  The  conductivity  of  a  wire  having  a  resistance  of  i 
ohm  is  I  ;  tliat  of  a  wire  having  a  resistance  of  2  ohms  is  }^; 
that  ot  a  wire  having  3  ohms  resistance  is  'pand  so  on. 

The  joint  resistance  of  two  parallel  'conductors  is,  of 
course,  less  than  that  of  either  taken  alone.  The  joint 
resistance  of  a  divided  circuit  is  ascertained  by  finding  the 
conductivities  of  the  different  branches.  The  reciprocal  of 
this  result  will  be  the  joint  resistance. 

The  method  of  determining  the  resistance  (R)  of  a  single 

*  "  Hand  Boole  of  Electrical  Testing,"  by  Kempe  ;  "  Practical  Electri- 
city," by  Ayrton  ;  "  Elementary  Practical  Physics,"  by  Stewart  and  Gee;  and 
"  Electrical  Measurements  and  the  Galvanometer,"  by  Lockwood,  are  desirable 
books  on  electric  measurements. 
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conductor  has  already  been  explained.  To  find  the  joint 
resistance  of  the  divided  circuit,  2,  Fig.  436,  one  branch  hav- 
ing a  resistance  of  4  ohms,  the  other  8  ohms,  the  reciprocals 
of  these  numbers  being  respectively  ^'-4  and  }s,  these  added 
=  f,  which  is  the  joint  conductivity.  The  reciprocal  of  this 
is  I  =  2'66  ohms.  In  a  similar  manner  the  joint  resistance  of 
three  branches  (3,  Fig.  436)  may  be  ascertained.  Assuming 
the  resistances  to  be  2,  5,  and  10  ohms  respectively,  the 
reciprocals  are  ■^-,  ^,  and  jV;  which  added  =  -/jj,  which  is  the 
joint  conductivity,  the  reciprocal  of  this  ^1,°-  =  2-25  ohms,  the 
joint  resistance. 

The  joint  resistance  of  four  or  more  parallel  conductors 
is  found  in  the  same  way.  In  the  case  of  the  example 
^shown  at  4,  Fig.  436,  where  the  resistances  are  respectively 
100,  75,  50,  and  25  ohms,  the  joint  resistance  is  12  ohms.* 

Electrical  measurements  are  made  in  a  commercial  way 
by  means  of  instruments  graduated  so  as  to  be  read  directly 
in  ohms,  volts,  and  amperes. 

EXPANSION   VOLTMETER.f 

In  the  ordinary  voltmeter,  in  which  acidulated  water  is 
decomposed  by  electrolysis,  and  in  which  the  strength  of  the 
current  is  determined  by  the  volume  of  gas  accumulating  in 
a  given  time,  there  are  several  objectionable  features  which 
prevent  it  from  coming  into  general  use  for  the  measure- 
ment of  the  strength  of  electric  currents. 

In  the  first  place,  the  electrolytic  voltmeter  is  incapable 
of  indicating  the  strength  of  the  current  at  any  particular 
moment,  and  cannot,  therefore,  yield  anything  but  a  mean 
result.  It  offers  considerable  resistance  in  the  circuit,  its 
indications  depend  upon  the  acidity  of  the  water  and  the 
size  and  distance  apart  of  the  electrodes  ;  and  to  secure 
accurate  results,  the  temperature  and  barometric  pressure 
must  be  taken  into  consideration. 

The  voltmeter  shown  in  the  engraving.  Fig.  437,  depends 

*  For  simple  methods  of  working  out  these  and  analogous  problems  the 
reader  is  referred  to  "The  Arithmetic  of  Electrical  Measurements,"  by 
W.  R.  P.  Hobbs. 

f  Published  originally  in  the  Scientific  American  of  July  g,  i8Si. 
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on  the  heating  effect  of  the  current  on  a  thin  wire  of  pla- 
tinum or  copper,  the  linear  expansion  of  the  wire  giving 
the  index  more  or  less  motion,  according  to  the  strength 
of  the  current. 

This  instrument  has  one  source  of  error  to  be  compen- 
sated for — that  is,  the  increase  of  the  resistance  of  the  wire 
with  the  increase  of  temperature.  No  account  is  taken  of 
the  environing  temperature  nor  of  barometric  pressure,  and 
the  indication  may  be  read  at  any  moment ;  and,  moreover, 
the  increase  of  resistance  due  to  increased  temperature  may 
be  disregarded,  since  the  normal  resistance  of  the  wire  is 
almost  nothing. 

This  voltmeter  finds  its  principal  application  in  connec- 
tion with  the  stronger  currents,  such  as  are  employed  in 
electric  lighting,  in  electro-metallurgy,  and  in  telegraphy. 
It  must  be  adapted  within  certain  limits  to  the  current  which 
is  to  operate  it,  but  when  the  instrument  is  properly  pro- 
portioned to  its  duties,  its  indications  may  be  relied  upon. 

A  vertical  plate  of  vulcanite  supports  a  horizontal  stud, 
upon  which  are  placed  two  metal  sleeves  having  a  glass 
lining.  To  one  of  these  sleeves  is  attached  a  counterbal- 
anced arm,  carrying  at  its  upper  end  a  curved  scale,  having 
arbitrary  graduations  determined  upon  by  actual  trial  under 
approximately  the  same  conditions  as  the  instrument  will  be 
afterward  subjected  to  in  actual  use.  The  other  sleeve  car- 
ries a  light  counterbalanced  metal  index,  which  moves  in 
front  of  the  curved  scale.  Each  sleeve  is  provided  with  a 
curved  platinum  wire  arm,  dipping  in  mercury  contained  in 
an  iron  cup  secured  to  the  base.  Two  platinum  or  copper 
wires  are  stretched  along  the  face  of  the  instrument,  and 
attached  at  one  end  to  hooks  passing  through  an  insulating 
post,  and  after  passing  once  around  their  respective  sleeves 
on  the  index  and  scale,  are  attached  to  spiral  springs,  which 
in  turn  are  connected  with  wire  hooks  extending  through 
an  insulating  post  projecting  horizontally  from  the  vulcan- 
ite plate. 

Under  each  wire  there  is  a  horizontal  metal  bar  commun- 
icating under  the  base  with  one  of  the  binding  posts.  The 
two  other  binding  posts  are  connected  separately  with  the 
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two  mercun'  cups.  It  will  be  seen  that  with  this  construc- 
tion the  expansion  of  the  rear  wire  will  move  the  scale, 
while  the  expansion  of  the  front  wire  will  move  the  index. 
In  order  to  apply  the  current  to  any  required  length  of 
wire,  there  is  upon  each  of  the  horizontal  bars  a  clamp, 
which  may  be  placed  anywhere  along  the  bar  and  screwed 
up  so  as  to  clamp  both  wire  and  bar. 

Usually  the  current  to  be  measured  will  pass  from  the 
battery  or  machine  to  one  of  the  binding  posts,  thence  to 
the  forward  horizontal  bar,  thence  through  the  expansion 
wire  connected  with  the  index,  through  the  sleeve  of  the 
index,  and  finally  through  the  mercury  cup  to  the  other 
binding  post. 

It  will  be  observed  that  both  scale  and  index  will  be 
moved  in  the  same  direction  by  the  expansion  of  their 
respective  wires,  and  that  the  atmospheric  temperature 
affects  both  alike.  This  being  true,  it  is  unnecessary  to  take 
any  account  whatever  of  external  temperature.  The  appa- 
ratus is  inclosed  in  a  glass  case  to  prevent  the  cooling  action 
of  the  draughts  of  air. 

By  connecting  the  index  expansion  wire  with  a  battery 
having  an  electro-motive  force  of  one  volt,  the  deflection  is 
slight,  even  with  a  fine  wire,  but  in  a  stronger  current  from 
a  battery  having  an  electro-motive  force  of  five  volts  and 
upward,  slight  variations  will  be  readily  indicated. 

As  mentioned  before,  the  instrument  must  be  adapted  to 
the  conditions  under  which  it  is  to  be  used.  For  use  with 
a  moderate  current,  a  No.  36  platinum  wire,  about  the 
length  of  that  shown  in  the  engraving,  answers  a  good 
purpose,  but  for  heavier  currents  from  a  dynamo-electric 
macK'ne,  a  larger  and  longer  wire  of  copper  will  be  required. 
It  should  be  small  enough  to  be  heated  somewhat  by  the 
current,  but  not  so  small  as  to  ofler  any  material  resistance 
in  the  circuit. 

When  the  larger  wires  are  used,  they  are  not  wound 
about  the  sleeves  of  the  index  and  scale,  but  are  bent  down- 
ward before  reaching  the  sleeves,  and  the  mercury  cups  are 
placed  so  as  to  receive  their  lower  ends.  Cords  or  small 
chains  are  attached  to  the  angles  of  the  wires  and  wrapped 
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once  around  the  sleeves  and  attached  to  the  springs. 
This  instrument,  placed  directly  in  the  circuit  of  a  dyna- 
mo-electric machine,  or  in  a  shunt,  will  indicate  the  amount 
of  current  passing.  When  it  is  desired  to  compare  two 
currents,  the  expansion  wire  of  the  index  is  placed  in  one 

Fig    43S. 


Ammeter, 

circuit  and  the  expansion  wire  of  the  scale  is  placed  in  the 
other  circuit.  In  a  delicate  instrument  of  this  kind  the  ten- 
sion of  the  expansion  wires  should  be  only  sufficient  to  keep 
the  wires  taut,  as  they  are  readily  stretched  when  consider- 
ably heated. 

AMMETER. 

The  instrument  shown  in  Fig.  438  is  an  ammeter,  for  indi- 
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eating  the  strength  of  the  current  when  its  coil  is  included  in 
an  electrical  circuit.  The  horizontal  metallic  plate,  mounted 
on  the  columns,  is  concaved  in  the  middle  and  supports 
a  spring  steel  diaphragm  that  is  held  in  place  by  the  iron 
cap  secured  to  the  plate  by  several  screws,  so  as  to  clamp 
the  diaphragm  tightl_y. 

The  cap  is  chambered  out  to  receive  mercury,  and  has 
a  stuffing  box  for  holding  a  glass  tube  of  small  caliber.  A 
vulcanite  screw  in  the  cap  serves  to  bring  the  mercur}'  in 
the  tube  to  zero  before  taking  a  reading,  thus  avoiding  vari- 
ations by  the  expansion  of  the  mercury.  The  graduations 
on  the  scale  at  the  side  of  the  tube,  which  are  empirical, 
represent  the  amperes  of  the  current  passing  through  the 
coil.  A  short  rod  is  attached  to  the  middle  of  the  dia- 
phragm, and  projects  downward  through  a  hole  in  the  base 
plate  to  receive  a  soft  iron  cylindrical  armature  or  core 
which  extends  into  the  coil. 

The  diameter  of  the  diaphragm  is  2  inches ;  the  caliber 
of  the  glass  tube,  0'02  inch  ;  a  very  slight  motion  of  the  dia- 
phragm is  indicated  by  a  considerable  movement  of  the  mer- 
cury in  the  tube. 

This  instrument,  placed  anywhere  in  the  main  circuit, 
will  indicate  the  strength  of  the  current.  An  increase  in 
the  strength  of  the  current  results  in  the  drawing  of  the 
iron  core  into  the  coil,  and  a  consequent  deflection  of  the 
diaphragm  and  downward  movement  of  the  mercury  col- 
umn. The  engraving  is  five-eighths  of  the  actual  size  of 
the  instrument.  The  glass  tubes  and  scale  are  shown  only 
in  part. 

RECORDING    VOLTMETER. 

In  making  electrical  tests  it  is  often  desirable  to  consider 
the  element  of  time,  but,  as  every  electrician  knows,  to  do 
this  with  the  ordinary  apphances  is  tiresome,  and  the  result 
is  liable  to  be  inaccurate. 

The  extreme  delicacy  of  the  action  of  the  galvanometer 
renders  it  difficult  to  apply  to  it  any  device  capable  of  record- 
ing the  movements  of  the  needle  without  interfering  more 
or  less  with  its  action.     In  the  instrument  shown  in  the  en- 
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graving  a  disruptive  spark  from  an  induction  coil  is  utilized 
for  making  the  record.     The  indicating  parts  are  made  and 


arranged  as  in  an  astatic  galvanometer.     The    helixes  are 
wound  with  rather  coarse  wire  (No.  22).  The  needle  is  astatic, 
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the  inner  member  swinging  in  the  central  opening  in  the 
hehxes  in  the  usual  way,  the  outer  member  being  located 
behind  the  helixes.  The  arbor  supporting  the  needle  has 
very  delicate  pivots,  and  carries  a  long  and  very  light  alum- 
inum index,  which  is  counterpoised  so  that  it  assumes  a  ver- 
tical position  when  no  current  passes  through  the  helixes. 
The  needle  is  unaffected  by  terrestrial  magnetism. 

The  upper  end  of  the  index  swings  in  front  of  a  gradu- 
ated scale,  and  is  prolonged  so  as  to  reach  to  the  middle  of 
the  cylinder,  carrying  a  sheet  of  paper  upon  which  the 
movements  of  the  needle  are  to  be  recorded.  This  cylinder 
is  of  brass,  and  its  journals  are  supported  by  metal  columns 
projecting  from  the  base  upon  which  the  other  parts  of  the 
instrument  are  mounted.  The  scale  is  supported  by  vulcan- 
ite studs  projecting  from  the  columns,  and  to  one  of  the 
columns  is  attached  a  clock  movement  provided  with  three 
sets  of  spur  wheels,  by  either  of  which  it  may  be  connected 
with  the  arbor  of  the  cylinder.  One  pair  of  wheels  con- 
nect the  minute  hand  arbor  of  the  clock  with  the  cylin- 
der, revolving  the  cylinder  once  an  hour ;  another  pair  of 
wheels  connect  the  hour  hand  mechanism  with  the  cylinder, 
so  that  the  latter  is  revolved  once  in  twelve  hours  ;  while  a 
third  pair  of  wheels  give  the  cylinder  one  revolution  in 
seven  daj-s. 

This  instrument  is  designed  especially  for  making  pro- 
longed tests.  It  is  provided  with  four  binding  posts,  two  of 
which  connect  the  wires  of  the  batteries  under  test  with  the 
helixes.  The  other  bmding  posts  are  connected  respect- 
ivel_y  with  the  posts  supporting  the  needle  and  with  the  jour- 
nals of  the  recording  cylinder.  These  posts  receive  wires 
from  an  induction  coil  capable  of  yielding  a  spark  from  one- 
eighth  to  one-quarter  inch  long. 

The  induction  coil  is  kept  continuously  in  action  by  two 
Bunsen  elements,  and  a  stream  of  sparks  constantly  pass 
between  the  elongated  end  of  the  index  and  the  brass  cylin- 
der, perforating  the  intervening  paper  and  making  a  per- 
manent record  of  the  movement  of  the  needle.  To  render 
the  line  of  perforations  as  thin  as  possible,  the  end  of  the 
index  is  made  sharp  and  bent  inward  toward  the  cylinder. 
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The  spur  wheels  are  placed  loosely  on  the  arbor  of  the 
cylinder,  and  the  boss  of  each  is  provided  with  a  set  screw 
by  means  of  which  it  may  be  fixed  to  the  arbor.  This 
arrangement  admits  of  giving  to  the  cylinder  either  of  the 
speeds,  as  may  be  required. 

The  paper  upon  which  the  record  is  to  be  made  is 
divided  in  one  direction  to  represent  volts,  and  in  the  other 
into  hours  and  minutes.  The  hour  and  minute  lines  are 
curved  to  coincide  with  the  path  of  the  end  of  the  index. 

These  records  may  be  duplicated  by  using  the  sheet  as 
a  stencil  and  employing  the  method  of  printing  used  in  con- 
nection with  perforating  pens.  When  the  tests  are  of  long 
duration,  the  action  of  the  induction  coil  is  rendered  inter- 
mittent b}'  an  automatic  switch  connected  with  the  clock. 

ELECTRO-MAGNETS. 

A  bod}'  of  iron  with  an  insulated  conductor  wrapped  one 
or  more  times  around  it  constitutes  an  electro-magnet.  The 
power  of  an  electro-magnet  depends  upon  the  form,  size  and 
quality  of  its  iron  core,  upon  the  number  of  turns  the  con- 
ductor makes  around  the  core,  and  upon  the  current  passing 
through  the  conductor.  The  number  of  amperes  flowing 
through  the  wire  of  a  magnet,  multiplied  by  the  number  of 
turns  the  wire  makes  around  the  core  of  the  magnet,  gives 
the  number  of  ampere  turns  ;  one  ampere  fiowing  ten  times 
around  is  equal  to  ten  amperes  flowing  once  around. 
Two  amperes  flowing  five  times  around  is  the  equivalent 
of  either  of  the  foregoing. 

The  magnetizing  power  of  the  circulating  current  is  pro- 
portional to  the  number  of  ampere  turns.  The  magnetism 
produced  in  the  iron  core  is  not  always  proportional  to 
the  ampere  turns,  as  the  current  produces  comparatively 
little  effect  when  the  magnet  core  approaches  saturation. 

The  batterv  must  be  proportioned  to  the  resistance  of  the 
magnet  to  secure  the  best  results ;  or,  if  the  magnet  is  ar- 
ranged with  its  winding  in  sections,  so  that  the}'  may  be 
connected  up  parallel  or  in  series,  as  will  presently  be  de- 
scribed, the  magnet  may  be  adapted  to  the  current. 

A  large  magnet  made  on  this  plan  is  shown  in  Fig.  440. 
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It  is  well  adapted  for  experimental  work.  With  a  current 
from  six  medium  sized  bichromate  battery  cells  it  is  capable 
of  sustaining  about  one  thousand  pounds.  It  is  provided 
with  a  switch,  so  that  it  ma}^  readil}^  be  adapted  to  a  light 
or  a  heavy  current  by  combining  the  several  coils  in  series 
or  in  parallel.  It  is  made  separable,  to  permit  of  using  the 
coils  detached  from  the  core. 

For  the  construction  of  the  magnet  i8  pounds  of  No.  14 
double-covered  magnet  wire  are  required,  also  two  well 
annealed  cylindrical  bars  of  soft  iron,  8  in.  long  and  i^  in. 
in  diameter  for  the  core,  a  flat,  soft  iron  bar  2i  in.  wide,  8 
in.  long,  and  f  in.  thick  for  the  yoke,  a  bar  of  the  same  kind 

Fig.  440. 


A^a/lm./^./: 


Magnet  for  Experimentation. 


7  inches  long  for  the  armature,  two  double  wooden  spools 
4  in.  in  diameter  and  7f  inches  long,  with  flanges  lyV  '^^• 
wide  and  yg-  in.  thick. 

The  walls  of  the  spools  are  yV  in.  thick.  Each  space  in 
each  spool  is  filled  with  the  No.  14  magnet  wire.  There 
are  two  ways  of  winding  the  wire.  According  to  one 
method  a  hole  is  drilled  obliquely  downward  in  the  flange, 
and  one  end  of  the  wire  is  passed  from  within  outward 
through  the  hole,  and  the  spool  is  wound  in  the  same  man- 
ner as  a  spool  of  thread,  the  wires  at  the  end  of  the  coil 
being  tied  together  with  a  stout  thread  to  prevent  unwind- 
ing. Each  section  of  each  spool  is  filled  in  the  same 
manner. 
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Although  this  is  the  quickest  way  to  wind  the  magnet, 
it  is  not  the  best  way,  as  the  inner  end  of  the  coil  is  liable 
to  be  broken  off,  when  the  entire  coil  must  be  rewound  to 
secure  a  new  connection  with  the  inner  end.  The  correct 
way  to  wind  the  wire  is  to  take  a  sufficient  length  and  wind 
it  from  opposite  ends  on  two  bobbins.  Wind  the  wire  once 
over  the  spool  from  one  of  the  bobbins,  then  wind  from  the 
ends  of  the  coil  thus  formed  toward  the  middle,  first  with  wire 
from  one  bobbin,  then  from  the  other  bobbin,  then  wind 
from  the  middle  back  each  way  toward  the  ends  in  the  same 
way,  then  again  toward  the  center,  and  so  on.  By  this 
method  both  terminals  of  the  coil  are  made  to  come  out 
on  the  outer  layer. 

Fig.  441. 

4 


Magnet  and  Switch. 


At  I,  Fig. 440,  is  shown  the  completed  magnet  and  its  arm- 
ature. 2  is  a  detail  view  of  the  spool.  3  shows  the  cores 
and  yoke,  both  in  perspective  and  section,  the  sectional 
view  exhibiting  the  method  of  fastening  the  cores  to  the 
yoke  by  means  of  screws.  4  (Fig.  441)  shows  the  magnet 
mounted  on  a  wooden  base  provided  with  a  plug  switch  for 
connecting  the  coils  in  parallel  or  in  series.  5  is  an  enlarged 
view  of  the  switch,  and  6  shows  one  of  the  plugs  by  which 
the  connections  are  made. 

The  switch  is  formed  of  brass  blocks,  a,  h,  c,  d,  c,  f,  g,  h, 
arranged  in  two  series,  as  shown  at  5  (Fig.  441).  The 
blocks,  a,  h,  are  provided  with  binding  posts  for  receiving 
the  battery  wires.  The  blocks  are  provided  with  semicir- 
cular notches  forming  the  plug  holes,  i,  2,  3,  4,  5,  6,  7,  8,  9. 
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The  block,  a,  is  connected  with  the  lower  terminal  of 
the  lower  left  hand  coil,  and  the  block,  e,  is  connected  with 
the  upper  terminal  of  the  same  coil.  The  block,  b,  is  con- 
nected with  the  lower  terminal  of  the  upper  left  hand  coil, 
and  the  block,  /,  is  connected  with  the  upper  terminal  of 
the  same  coil.  The  block,  h,  is  connected  with  the  lower 
terminal  of  the  lower  right  hand  coil,  and  the  block,  d,  is 
connected  with  the  upper  terminal  of  the  same  coil.  The 
block,  g,  is  connected  with  the  lower  terminal  of  the  upper 
right  hand  coil,  and  the  block,  c,  is  connected  with  the 
upper  terminal  of  the  same  coil. 

When  the  holes,  i,  2,  and  3,  are  plugged,  the  current 
goes  in  series  through  all  the  coils.  By  plugging  the  holes, 
4,  7,  2,  6,  and  9,  the  current  goes  through  the  coils  two  in 
parallel  and  two  in  series,  reducing  the  resistance  to  a  quarter 
of  the  original  amount,  by  halving  the  length  and  doubling 
the  sectional  area.  By  plugging  the  holes,  4,  5,  6,  and  7,  8, 
9,  the  current  goes  through  all  the  coils  in  parallel,  and  the 
resistance  is  reduced  to  iV  the  original  amount,  by  reduc- 
ing the  length  to  y^  and  increasing  the  sectional  area  four 
times. 

The  polar  extremities  of  the  magnet  are  drilled  axially 
and  tapped  to  receive  screws  by  which  are  attached  exten- 
sion pieces  for  diamagnetic  experiments. 

To  retain  the  spools  on  the  cores  when  the  magnet  is  in 
an  inverted  position,  a  thin  brass  collar  is  screwed  on  the 
end  of  each  core.  The  armature  is  provided  with  a  hook 
for  receiving  a  rope  or  chain,  and  the  j'oke  has  a  threaded 
hole  at  the  center  for  receiving  the  eye  for  suspending  the 
magnet. 

Although  this  magnet  is  very  complete  and  desirable,  a 
large  proportion  of  the  experiments  possible  with  it  ma)' 
be  performed  by  means  of  the  inexpensive  magnet  shown 
in  Fig.  442. 

The  core  of  this  magnet  is  made  of  twenty  thicknesses 
of  ordinary  one  inch  hoop  iron,  about  ^V  inch  thick,  thus 
making  a  rectangular  U-shaped  core  one  inch  square.  The 
parallel  arms  of  the  magnet  are  five  inches  long,  and  the 
distance  between  the  arms  four  inches. 
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The  pieces  of  hoop  iron  are  readily  bent  and  fitted  one 
over  the  other  in  succession,  the  inner  one  being  fitted  to 
and  supported  by  a  rectangular  wooden  block.  When  the 
core  has  reached  the  required  thickness,  the  layers  of  which 
it  is  formed  are  fastened  together  by  means  of  iron  rivets 
passing  through  holes  traversing  the  entire  series  of  iron 
strips  near  the  ends  of  the  core.  If  it  is  inconvenient  to 
secure  the  layers  in  this  way,  they  may  be  wrapped  from 
the  extremities  down  to  the  angles  with  very  strong  carpet 

Fig.  442. 


Electro-Magnet   Partly  in   Section. 


thread  or  shoe  thread  and  afterward  coated  with  shellac 
varnish,  which  holds  on  the  thread  and  assists  in  cementing 
the  whole  together. 

The  extremities,  a  a,  of  the  core  are  filed  off  squarely. 
The  yoke  is  clamped  to  the  base,  <-/,  by  the  clip,  c,  made  of 
hoop  iron  or  of  wood. 

To  the  arms,  a  a,  are  fitted  the  coils,  b  b,  which  are 
formed  by  the  aid  of  the  device  shown  in  Fig.  443.  This 
consists  of  two  wedge-shaped  wooden  bars,  A  B,  which  to- 
gether form  a  bar  a  little  larger  than  the  core  of  the  magnet, 
and  two  mortised  heads,  C  D,  fitted  to  the  bar  with  a  space 
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of  4I  inches  between  them.  The  head,  D,  is  provided  with 
a  screw  for  clamping  the  wedge  bars,  A  B,  and  with  an 
aperture,  <?,  for  the  inner  end  of  the  wire.  The  heads  are 
lined  with  thick  paper,  and  the  bar  between  the  heads  is 
covered  with  a  single  thickness,  E,  of  heavy  paper. 

The  winding  is  begun  by  passing  the  end  of  the  wire 
(No.  16  copper  cotton-covered  magnet  wire)  through  the 
aperture,  a,  allowing  it  to  project  about  three  inches,  then 
winding  the  wire  evenly  over  the  bar  from  one  end  toward 
the  other  until  the  head,  C,  is  reached.  Before  the  second 
layer  of  wire  is  wound,  the  first  one  is  brushed  over  with 

Fig.  443. 


Form  for  Coils. 


thin  glue.  Ihe  second  layer  is  then  wound,  starting  from  the 
head,  C,  and  winding  in  the  same  direction  toward  the  head, 
D,  and  when  the  second  layer  is  complete  it  is  brushed  over 
with  the  glue,  after  which  the  third  layer  is  wound  and 
glued,  and  so  on,  laying  the  wire  on  like  thread  on  a  spool 
until  six  or  eight  layers  have  been  applied. 

To  prevent  the  destruction  of  the  coil  by  the  loosening 
of  the  ends  of  the  wire,  a  loop  of  tape  should  be  placed  on 
the  beginning  of  the  first  convolution  and  laid  over  the  first 
la3-er  of  wire,  so  that  it  may  be  clamped  by  the  second  layer, 
and  in  a  similar  manner  some  stout  threads  should  be  placed 
between  the  outer  laj'er  and  the  adjacent  layer,  so  that  they 
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may  be  tied  over  the  last  convolution  of  the  last  layer. 
After  the  glue  has  become  thoroughly  dry  and  hard,  the 
heads,  C  D,  are  removed  from  the  bars,  A  B,  and  the  taper- 
ing bars  are  knocked  out  of  the  coil  in  opposite  directions, 
their  wedge  shape  facilitating  this  removal.  Two  coils  pre- 
cisely alike  are  required.  When  they  are  placed  on  the 
core,  the  outer  end  of  one  coil  is  connected  with  the  outer 

Fig.  444. 


Foucault's  Experiment. 


end  of  the  other,  and  the  remaining  ends  are  connected 
with  a  battery. 

To  give  the  coils  a  finished  appearance,  they  may  be 
coated  with  shellac  varnish  colored  with  a  pigment  of  suit- 
able color,  vermilion  for  example. 

Almost  any  battery  may  be  used  in  connection  with  this 
magnet.  The  simple  plunge  battery  shown  in  Fig.  393  will 
answer  admirably. 
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EXPERIMENTS   WITH   THE   ELECTRO-MAGNET. 

To  the  poles  of  the  magnet  should  be  fitted  two  short 
iron  bars  having  conical  ends.  These  bars  will  need  no 
special  fastening,  as  the  attraction  of  the  magnet  will  hold 
them  in  place. 

In  Fig.  ■]']/[  is  shown  a  simple  way  of  reproducing  Fou- 
cault's  experiment.  A  centrally  apertured  copper  disk,  6 
inches  in  diameter,  is  attached  by  means  of  small  nails  to 
the  end  of  a  common  spool,  and  the  spool  is  mounted  so  as 
to  turn  on  a  screw  inserted  in  a  handle.     The  short  iron 

Figs.  445  and  446. 


Diamagnetism. 

bars  are  arranged  on  the  poles  of  the  magnet,  as  shown 
in  the  engraving,  with  the  conical  ends  about  one-fourth 
inch  apart.  A  strong  current  is  sent  through  the  magnet, 
and  the  copper  disk  is  whirled  rapidly  by  quickly  unwind- 
ing a  string  from  the  spool,  after  the  manner  of  top  spin- 
ning. The  edge  of  the  disk  is  then  inserted  between  the 
conical  pole  pieces,  but  without  touching  them.  The  rota- 
tion of  the  disk  is  almost  instantl}'  stopped.  A  sheet  of  cop- 
per moved  back  and  forth  between  the  pole  pieces  offers 
a  sensible  resistance. 
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Most  experiments  in  diamagnetism  may  be  performed 
with  this  magnet.  Short  bars  of  various  metals  may  be  sus- 
pended, by  means  of  a  silk  fiber,  between  the  poles.  Iron, 
nickel,  cobalt,  manganese,  etc.,  will  arrange  themselves  in 
line  with  the  poles,  while  bismuth,  antimony,  and  several 
other  metals  will  arrange  themselves  across  the  line  of  the 
poles.  The  former  are  known  as  paramagnetic  bodies,  the 
latter  as  diamagnetic. 

Liquids  placed  in  a  watch  glass,  as  shown  in  Fig.  446, 
exhibit  paramagnetic  or  diamagnetic  properties:  by  piling 
up  at  the  center  of  the  glass,  as  shown  in  the  engraving,  if 
paramagnetic,  or  by  piling  up  on  opposite  sides  of  the  cen- 
ter, if  diamagnetic. 

The  coils  of  this  magnet,  being  removable,  may  be  used 
in  magnetizing  steel  bars,  and  for  other  purposes  requiring 
the  coils  only. 

There  are  about  three  pounds  of  wire  in  each  coil  of  the 
magnet. 

EXPERIMENTS     ILLUSTRATING     THE     PRINCIPLE     OF     THE 

DYNAMO. 

The  great  development  of  electricity  in  recent  years, 
especially  in  the  line  of  electric  illumination,  has  served  to 
add  luster  to  the  name  of  the  immortal  Faraday,  and  to 
show  with  what  wonderful  completeness  he  exhausted  the 
subject  of  magneto-electric  induction. 

Since  the  close  of  his  investigations  no  new  principles 
have  been  discovered.  Physicists  and  electrical  inventors 
have  merely  amplified  his  discoveries  and  inventions,  and 
applied  them  to  practical  uses. 

The  number  of  those  who  are  familiar  with  the  discov- 
eries of  Faraday  and  their  bearing  on  modern  electrical 
science  is  not  only  large,  but  rapidly  increasing,  but  there 
are  those  who  are  still  learners,  to  whom  new  things,  or  old 
things  placed  in  a  new  light,  are  ever  welcome.  To  such 
the  simple  experiments  here  given  may  be  an  aid  to  the 
understanding  of  induction  as  developed  in  dynamos  and 
motors. 

Any  one  at  all  acquainted  with   electrical  phenomena 


466 


EXPERIMENTAL    SCIENCE. 


knows  that  a  hardened  steel  bar  surrounded  by  a  coil  of 
wire  which  is  traversed  by  an  electric  current  becomes  per- 
manently magnetic.     It  is  perhaps  unnecessary  to  reiterate 

Figs.  447  and  448. 


Magnetization  of  Steel  Bar.       Magneto-Electric  Induction. 

the  accepted  theories  of  this  action,  as  they  are  well  estab- 
lished and  appear  in  almost  every  text  book  of  physics. 

The  fundamental  magneto-electrical  experiment  of  Far- 
aday was  exactly  the  reverse  of  the  operation  of  producing 
a  magnet  by  means  of  an  electrical  current.     That  is,  it  was 

Fig,  449. 


Magnetic  Induction. 


the  production  of  an  electrical  current  b}'  means  of  a  mag- 
net and  coil.  In  the  first  instance  the  magnetizing  power 
of  the  electric  current  is  employed  to  bring  about  the  mole- 
cular change  in  the  steel  bar,  which  manifests  itself  in  polar- 
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ity.  In  the  second  instance  the  mag-netizecl  steel  bar  is 
made  to  generate  an  electric  current  in  the  wire  of  the 
coil.      In  the  first  instance   the    current  movintr  in  the  wire 

o 

of  the  coil  induced  magnetism  in  the  steel.  In  the  second 
instance  the  movement  of  the  magnetized  steel  within  the 
coil  induced  a  current  in  the  wire. 

The  method  of  magnetizing  a  bar  of  steel  is  clearly 
shown  in  Fig.  447,  in  which  a  is  a  helix  of  six  or  eight  ohms 
resistance,  b  the  bar  of  hardened  steel,  and  c  a  battery  of 
four  or  five  elements.  A  key  is  placed  in  the  circuit,  but 
the  ends  of  the  wires  may  be  made  to  serve  the  same  purpose. 


Fig    450. 


Induced   Current  from  Induced   Magnetism. 


By  closing  and  opening  the  circuit  while  the  steel  bar  is  within 
the  coil,  as  shown,  the  bar  becomes  instantl}'  magnetic. 
When  the  coil  is  disconnected  from  the  battery  and  con- 
nected with  a  galvanometer,  d,  as  shown  in  Fig.  448,  and  the 
magnet,  b,  is  suddenly  inserted  in  the  coil,  the  needle  of  the 
galvanometer  will  be  deflected;  but  the  action  is  only 
momentary.  The  needle  returns  immediately  to  the  point 
of  starting.  When  the  magnet  is  quickly  withdrawn  from 
the  coil  the  needle  is  deflected  for  an  instant,  but  in  the  op- 
posite direction,  and  as  before  it  immediately  returns  to  the 
point  of  starting.  It  is  obvious  that  if  these  electric  pulsa- 
tions can  be  made  with   sufficient   rapidity  to  render   them 
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practically  continuous,  and  if  the_v  can  be  corrected  so  that 
pulsations  of  the  same  name   will   always   flow  in  the   same 

direction,  the    current    thus   pro- 
duced may  be  utilized. 

Before  proceeding  further 
with  the  consideration  of  mag- 
neto-electric induction,  it  will  be 
necessar)'  briefly  to  examine  the 
subject  of  magnetic  induction, 
as  it  is  intimately  connected  with 
the  action  of  the  dynamo.  In 
Fig.  449  is  illustrated  the  usual 
experiment  exhibiting  this  phe- 
nomenon. The  electro-magnet  is 
connected  with  a  suitable  battery 
and  a  bar  of  soft  iron  is  held  near 
but  not  in  contact  with  one  of 
the  poles  of  the  magnet.  It  be- 
comes magnetic  by  induction,  the 
end  nearest  the  magnet  being  of 
a  name  different  from  that  of  the 
pole  by  which  the  induction  is  effected.  The  end  of  the 
bar  remote  from  the  magnet  exhibits  magnetism  like  that 
of  the  pole  of  the  magnet.  The  rela-  ^^^^  ^^^  ^^^  ^^^ 
tion  of  magnetic  induction  to  magneto- 
electric  induction  is  clearly  shown  by  the 
experiment  illustrated  in  Fig.  450.  In 
this  case  two  electro-magnets  are  arranged 
with  their  poles  near  each  other  or  in  con- 
tact. ,One  of  them  is  connected  with  a 
galvanometer,  and  the  other  with  a  bat- 
tery. When  the  circuit  of  the  upper 
magnet  is  closed,  the  core  of  that  magnet 
becomes  magnetic,  the  core  of  the  lower 
magnet  becomes  magnetic  by  induction, 
and  the  galvanometer  needle  is  deflected. 
When  the  circuit  of  the  upper  magnet  is 
broken,  the  galvanometer  needle  is  deflected  in  the  opposite 
direction,  showing  that  the  results   are   precisely  the  same 
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as  in  the  experiment  illustrated  b)'  Fig.  448.  In  this  case 
no  mechanical  movement  is  necessary,  as  the  magnetism  is 
introduced  into  the  coils  of  the  lower  magnet  by  induction. 
It  is  thus  shown  that  it  is  not  necessary  to  move  an}-  matter 
in  the  neighborhood  of  a  magnet  to  secure  magneto-electric 
induction.  In  Fig.  451  is  shown  an  arrangement  of  electro- 
magnets in  which  one  is  fixed,  while  the  other  can  be 
revolved.  It  is  a  device  intended  simply  for  showing  how 
two  ordinary  electro-magnets  may  be  utilized  to  advantage 
in  experiments  in  induction. 

To  the  polar  extremities  of  the  fixed  magnet  is  fitted  a 
wooden  cross  bar,  having  in  its  center  an  aperture  for  re- 
ceiving the  vertical  spindle,  the  lower  end  of  which  is  jour- 
naled  in  the  clamp  that  holds  the  fixed  magnet  to  the  base. 
The  upper  end  of  the  spindle  is  provided  with  a  3'oke  for 
holding  the  movable  magnet.  The  cross  bar  which  clamps 
the  magnet  in  the  yoke  is  held  in  place  by  two  screws,  as 
shown  in  Fig.  453,  and  to  the  center  of  the  cross  bar  is 
attached  a  wooden  cylinder,  c,  axially  in  line  with  the  spin- 
dle. To  the  wooden  cylinder  are  secured  two  curved  brass 
plates  which  are  connected  electrically  with  the  terminals 
of  the  coils,  a  a' ,  of  the  movable  magnet,  one  plate  to  each 
coil.  Two  strips  of  copper,  g  g,'  held  upon  opposite  sides 
of  the  cylinder,  complete  the  commutator.  The  copper 
strips  are  connected  with  any  device  capable  of  indicat- 
ing a  current — in  the  present  case  an  electric  bell — and  the 
coils,  a  a' ,  of  the  fixed  magnet  are  connected  with  the  bat- 
tery, c. 

By  turning  the  upper  magnet,  the  following  phenomena 
will  be  observed :  i .  When,  b)^  turning  the  movable 
magnet,  its  poles  are  pulled  awa)'  from  the  fixed  magnet, 
the  departure  of  the  induced  magnetism  from  the  core  of 
the  movable  magnet  produces  an  electric  pulsation  in  the 
coil  which  operates  the  electric  bell.  When,  by  a  contin- 
ued movement  of  the  magnet  in  the  same  direction,  the 
poles  exchange  position,  another  electrical  impulse  will  be 
induced  by  the  remagnetization  of  the  movable  core,  and 
the  bell  will  be  again  operated.  2.  By  examining  these  im- 
pulses   by  means    of  a  galvanometer    introduced    into  the 
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circuit,  it  will  be  found  that  they  are  of  the  same  name. 
3.  When  the  magnet  is  turned  a  little  faster,  thes'e  two  im- 
pulses will  blend  into  one,  so  that  for  each  half  of  the  rev- 
olution of  the  magnet  the  bell  yields  but  one  stroke.  4.  By 
whirling  the  magnet  quite  rapidly,  the  current  through  the 
bell  magnet  is  made  practically  continuous,  so  that  the  bell 
armature  is  drawn  forward  toward  the  magnet  and  held 
there. 

From  what  has  been  said,  it  will  be  seen  that  all  of  the 
positive  electrical  impulses  are  generated  upon  one  side  of 

the  poles  of  the  fixed  magnet,  and 
all  the  negative  impulses  are 
generated  upon  the  other  side  of 
the  fixed  magnet,  and  that  the 
curved  plates  of  the  commutator 
conduct  all  of  the  positive  elec- 
trical impulses  to  one  of  the 
strips,  ^_»-',  and  all  of  the  negative 
impulses  to  the  other  strip. 

In  Fig.  -454  is  shown  an 
arrangement  of  connections  to 
convert  the  device  into  a  motor. 
In  this  case  the  battery  cur- 
rent passes  through  both  the 
stationary  and  movable  magnet, 
but  it  is  commuted  in  the  upper 
magnet  so  that  it  changes  direc- 
tion twice  during  each  revolution,  the  change  occurring 
when  the  poles  are  in  opposition,  or  a  little  in  advance  of 
reaching  this  position,  to  compensate  for  the  time  required 
to  magnetize  and  demagnetize  the  core  of  the  movable 
magnet  or  armature.  The  direction  of  the  current  in  the 
movable  magnet  or  armature  is  such  that  as  its  poles  are 
approaching  those  of  the  fixed  magnet,  its  magnetic  charge 
will  be  of  opposite  name  to  that  of  the  fixed  magnet,  so 
that  attraction  will  result,  but  as  soon  as  the  poles  are  in 
opposition,  the  current  in  the  movable  magnet  being  re- 
versed, there  is  repulsion.  In  a  motor  of  this  kind  these 
operations  succeed  each  other  with  great  rapidity. 
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The  fifty  cent  toy  electro-motor  is  shown  in  the  annexed 
engraving.  It  embodies  the  main  features  of  the  apparatus 
shown  in  Fig.  454,  differing  only  in  having  a  permanent  fixed 
magnet  instead  of  an  electro-magnet. 

The  vertical  spindle  which  carries  the  armature  is  jour- 
naled  at  the  lower  end  in  the  middle  of  a  U-magnet  and  at 
the  upper  end  in  a  brass  cross  piece  attached  to  the  poles  of 
the  magnet.  The  armature  consists  of  a  cross  arm  of  soft 
iron  wound  with  four  or  five  layers  of  fine  wire.  The  ter- 
minals of  the  winding  of  the  armature  are  connected  with  a 
two-part  commutator  carried  by  the  spindle,  and  touched  by 
two  commutator  springs  supported  by  wires  driven  into  the 
base.     A  metal  stud,  rising  from  the  base,  is  connected  with 

Fig.  455. 


one  of  the  commutator  springs,  and  is  provided  with  an 
insulating  covering  on  its  sides,  while  its  upper  end  is  bare. 
Upon  the  stud  is  placed  an  annular  cell  of  carbon,  which  is 
touched  on  its  outer  surface  by  a  spring  connected  with  the 
remaining  commutator  spring.  The  cell  forms  one  of  the 
elements  of  the  battery.  The  other  element  consists  of  a 
bar  of  zinc  provided  with  a  central  aperture  for  receiving 
the  upper  end  of  the  stud,  and  having  its  ends  bent  down- 
ward. The  cell  is  filled  with  a  solution  of  bisulphate  of 
mercury  in  water.  As  the  salt  is  reduced  by  chemical 
action,  a  current  is  produced  which  will  run  the  motor  at  a 
high  rate  of  speed.  The  motor  is  fitted  with  a  wheel  or 
plate  for  carrying  color  disks,  similar  to  those  accompany- 
ing the  chameleon  top. 
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EXPERIMENTS      ILLUSTRATING      THE       PRINCIPLE       OF       THE 

DYNAMO. 

After  noticing  the  effect  of  plunging  a  magnet  into  a 
coil  of  wire,  it  is  not  very  difficult,  in  the  light  of  present 
electrical  knowledge,  to  understand  how  the  process  of 
induction  is  carried  on  in  a  continuous  way  in  the  armature 
of  a  dynamo. 

The  simplest  form  of  armature  for  illustrating  this  point 
is  undoubtedly  that  known  as  the  Gramme  ring  armature. 
It  is  perhaps  unnecessary  to  go  into  the  details  of  the 
construction  of  the    Gramme    ring,  as    commonly    used    in 

Fig.  456. 


Gramme  Machine  for  Illustration. 


dynamos.  A  very  crude  ring  answers  the  present  purpose. 
Its  core  is  formed  of  a  compact  circular  coil  of  soft  iron 
wire,  which,  in  cross  section,  maj^  be  circular  or  of  any 
other  form.  The  core  is  wrapped  with  tape  and  varnished 
to  insure  insulation. 

Around  this  iron  ring  or  core  is  wound  an  insulated 
copper  wire,  arranged  in  a  spiral  coil,/,  like  the  winding  of 
an  ordinary  electro-magnet.  The  ends  of  the  copper  wind- 
ing are  joined  by  soldering,  thus  forming  a  closed  coil.  The 
ring  is  mounted  upon  a  circular  wooden  support  attached 
to  a  spindle,  so  that  the  armature  may  be  revolved  in  front 
of  the  poles  of  a  magnet,  a  a  ,  as  shown  in  Fig.  456.     In  the 
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"vTOoden  support,  in  a  circle  concentric  with  and  near  the 
spindle,  are  inserted  six  or  eight  wire  nails,  c' ,  arranged  at 
equidistant  points.  The  copper  winding  of  the  ring  is  spaced 
off  into  as  many  sections  as  there  are  nails  in  the  circular 
row,  and  at  the  end  of  each  section  the  insulation  of  the 
copper  wire  is  removed  a  short  distance,  and  a  wire,  ?',  is 
attached  by  soldering.  These  attached  wires  are  each  con- 
nected with  one  of  the  wire  nails. 
Now,  all  that  remains  to  complete 
the  Gramme  dynamo  or  motor  is 
the  application  of  two  conductors. 


Figs.  457  and  458. 


g  . 


to  the   circular    row  of   wire 


Details  of  Armature. 

on   opposite   sides  of   the  commutator 


nails,  as  shown  in  Figs.  457  and  458. 
This  dynamo  has  all  of  the 
essential  features  of  the  regular 
machine — the  field  magnet,  the 
iron  armature  core,  the  conductor 
wound  upon  the  core,  the  com- 
mutator cylinder  formed  of  the 
wire  nails,  and  the  brushes  consist- 
ing of  wires  held 
cylinder. 

This  dynamo  is  constructed  for  illustration  only,  and  not 
for  practical  use.  It  will  generate  a  current,  and  may  be 
driven  as  a  motor  by  a  current,  but  of  course  not  with  the 
same  advantage  as  a  more  complete  machine. 

In  investigating  the  phenomena  of  the  armature,  it  is  well 
to  begin  with  the  simplest  case 
of  magnetic  induction.  When  a 
bar  of  soft  iron  is  held  before  the 
poles  of  a  magnet,  as  shown  in 
Fig.  459,  it  becomes  itself  a  mag- 
Magnetic  Induction.  net.  The  magnetism  developed  in 
the  bar  by  the  action  of  the  magnet  is  opposite  that  of  the 
magnet.  That  is,  the  magnetism  developed  in  the  end  of 
the  bar  opposite  the  N  pole  of  the  magnet  is  S,  and,  simi- 
larly, the  magnetism  developed  in  the  end  of  the  bar 
opposite  the  S  pole  is  N.  The  center  of  the  iron  bar  is 
neutral. 


Fig. 


459- 
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By  substituting  an  iron  ring  for  the  straight  bar,  as 
shown  in  Fig.  460,  the  effect  will  be  the  same.  The  por- 
tions of  the  ring  opposite  the  poles  of  the  magnet  acquire 
polarit}'  by  induction,  as  in  the  first  instance,  and  the  mag- 
netism extends  in  the  ring  from  the  vicinity  of  the  poles 

toward  the  neutral  line, 
X  X,  which  forms  a  right 
angle  with  a  line  joining  the 
poles  of  the  magnet.  In 
the  figure  of  the  ring  the 
location  of  the  magnetism 
in  the  ring  is  indicated  by 
the  shading. 

By  turning  the  ring  up- 
on its  axis,  the  material  of 
the  ring  moves,  but  the 
a  fixed  position  relative  to 


Induction  in  an  Iron   Ring. 


polarity  of  the  ring  maintains 
the  poles  of  the  magnet. 

When  the  ring  carries  a  coil,  as  shown  in  Fig.  461,  the 
magnetic  poles  of  the  ring  remaining  stationary  while  the 
material  of  the  ring  and  coil  are  revolved,  there  is  a  contin- 
ual passing  of  the  sections  of  the  coil  through  the  magnetic 
field  surrounding  the  pol- 
arized portions  of  the  arma- 
ture core  and  the  poles  of 
the  magnet,  which  is  some- 
what the  same  in  effect  as 
the  passing   of    a 


Fig.  461. 


Armature  in  Magnetic  Field. 


magnetic 
bar  through  the  coil  of  the 
armature. 

The  principal  inductive 
effect  is  produced  by  the 
passing  of  the  conductor 
through  the  magnetic  field  of  the  inducing  magnet.  Each 
half  of  the  armature  between  the  neutral  points  is  practi- 
cally a  single  coil  of  wire,  terminating  at  two  of  the  com- 
mutator bars — which  in  the  present  case  are  the  two  nails 
— at  diametrically  opposite  sides  of  the  commutator  cyl- 
inder;   all   of   the   remaining   commutator   bars   and    their 
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connections  being  idle.  In  Fig.  456  two  circuits  are  shown 
in  connection  with  the  machine — one  in  full  lines,  the  other 
partly  in  dotted  lines,  both  connected  with  the  battery,  <:.' 
When  the  circuit  represented  in  tuU  lines  only  is  employed, 
the  machine  runs  as  a  motor.  When  the  wires  shown  by 
full  lines  are  disconnected  from  the  brushes, ^^',  the  rotation 
of  the  armature  in  the  field  of  the  magnet,  a  a',  produces  a 
current  in  the  manner  already  indicated,  and  this  current 
is  taken  from  the  armature  by  the  way  of  the  wires,  t,  the 
nails,  e',  and  the  brushes,  ^^'. 

This  machine  when  used  as  a  generator  is  strictly  a  mag- 
neto-electric  machine,   although   an   electro-magnet  is  em- 

FiG.   462. 


Drum  Armature. 

ployed  as  a  field  magnet.  A  permanent  magnet  might  be 
substituted  for  the  electro-magnet. 

In  the  Siemens,  Edison,  Weston,  and  many  other  dyna- 
mos, the  drum  armature  is  used.  This  is  shown  diagram- 
matically  in  Fig.  462. 

In  this  case  the  beginning  of  one  coil  and  the  end  of  the 
next  preceding  coil  is  connected  with  one  commutator  bar, 
and  this  order  is  maintained  throughout  the  entire  winding. 
This  arrangement  causes  the  current  to  flow  always  in  the 
same  direction,  as  the  armature  is  revolved  in  the  magnetic 
field.* 

*  Scientific  American  Supplement  600  contains  full  information  on  the 
construction  of  an  eiglit-light  dynamo  having  a  drum  armature.  Thompson's 
"Dynamo-Electric  Machineri' "  and  Hering's  "Dynamo-Electric  Machines" 
may  be  consulted  for  information  on  dynamos. 
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In  the  diagram  only  four  coils  and  four  commutator  bars 
are  shown.  In  the  actual  machine  the  armature  is  divided 
up  into  a  large  number  of  sections. 

MAGNETO-ELECTRIC   MACHINES. 

It  has  been  already  shown  that  it  makes  no  material  dif- 
ference in  the  result  whether  a  magnetized  steel  bar  is  intro- 
duced into  the  coil,  as  in  Fig.  448,  or  whether  the  coil  is  pro- 
vided with  a  soft  iron  core  capable  of  being  magnetized  by 
induction,  by  contact  with,  or  proximity  to,  a  permanent 
magnet. 

Fig.  463  illustrates  an  experiment  of  this  kind,  in  which 
ths  coil,  A',  of  very  fine  wire,  is  provided  with  a  permanent 

Fig.  463. 


soft  iron  core,  and  is  connected  with  the  galvanometer,  B'. 
By  placing  the  poles  of  a  permanent  horseshoe  magnet  in 
contact  with  the  projecting  ends  of  the  soft  iron  core  of  the 
coil,  the  core  instantly  becomes  a  magnet  by  induction,  and 
a  current  is  set  up  in  the  coil  in  the  same  manner  as  in  the 
former  experiment.  When  the  magnet  is  removed,  the  mag- 
netism of  the  core  departs.  This  is  equivalent  to  the 
removal  of  the  magnet  from  the  coil  in  the  experiment  illus- 
trated in  Fig.  448,  and  the  result  is  a  momentary  current  in 
a  direction  opposite  to  that  of  the  first. 

The  inductive  effect  of  the  magnet  is  much  the  same  if 
the  bobbin  of  fine  wire  be  placed  around  a  permanent  mag- 
net and  the  magnetic  tension  be  disturbed  by  the  application 
and  removal  of  an  armature.  The  Bell  telephone  (the  essen- 
tial parts  of  which  are  shown  in  Fig.  464)  is  a  familiar  exam- 
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pie  of  this  species  of  generator  of  induced  currents.  When 
the  diaphragm,  acting  as  an  armature,  approaches  the  mag- 
net, a  momentary  current  is  set  up  in  the  bobbin,  A",  in  one 
direction,  as  indicated  by  the  galvanometer,  B",  and  when 
the  diaphragm  recedes  from  the  magnet  the  current  set  up 
in  the  bobbin  is  in  the  opposite  direction.  In  the  telephone 
these  currents  have  sufficient  power  to  operate  a  second 
instrument  of  the  same  sort ;  but  owing  to  the  fact  that  the 
armature  is  very  light,  and  never  touches  the  magnet  nor 
recedes  very  far  from  it,  and  the  further  disadvantage  arising 
from  the  use  of  a  bar  magnet,  the  apparatus  cannot  rank 
high  as  a  generator  of  electric  currents,  however  well  it 
may  serve  the  purpose  of  a  telephone. 

Fiq.  464. 


Another  form  of  apparatus  (Fig.  465),  operating  on  the 
same  principle,  generates  currents  sufficiently  powerful  to 
work  a  polarized  bell  or  annunciator  over  a  line  several 
miles  long.  This  magneto  key  is  made  by  clamping  two  six- 
inch  horseshoe  magnets  upon  opposite  sides  of  two  soft  iron 
pole  extension  pieces,  a,  one-half  inch  in  diameter,  one  and 
a  half  inches  long,  and  projecting  one  inch  beyond  the  poles 
of  the  magnets.  Each  extension  piece  is  provided  with  a 
bobbin,  D,  one  inch  long  and  one  and  a  quarter  inches  in 
diameter,  filled  with  No.  36  silk-covered  wire.  These  bob- 
bins are  wound  and  connected  like  the  spools  of  an  electro- 
magnet, and  have  a  combined  resistance  of  200  ohms. 

In  front  of  the  poles  of  the  magnet  an  armature,  E,  one- 
quarter  inch  thick,  a  little  longer  than  the  width  of  the 
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extremities  of  the  magnet,  and  about  one  inch  wide,  is  piv- 
oted at  its  lower  edge,  and  provided  with  a  key  lever  by 
which  it  may  be  drawn  from  the  poles  of  the  magnet.  A 
spring  under  the  key  lever  throws  the  armature  back  into 
contact  with  the  magnet.  This  is  a  simplified  form  of  Bre- 
guet's  exploder,  used  in  firing  blasts  in  mines,  and  although 
much  smaller  than  the  apparatus  referred  to,  it  is  capable 
of  ringing  a  polarized  bell  over  fifteen  or  twenty  miles  of 
wire,  and  will  give  a  powerful  shock. 

It  is  a  convenient  and  inexpensive  apparatus  for  signal- 
ing, and  is  particularly  adapted  to  the  telephone  when  used 
in  connection  with  the  polarized  annunciator  or  polarized 

Fig.  465. 


bell,  presently  to  be  described.  In  this  apparatus  like  poles 
of  the  magnets  must  oppose  each  other,  and  the  clamping 
pieces  and  screws  should  be  of  non-magnetic  material.  If 
two  magnets  do  not  produce  a  current  of  sufficient  strength 
for  the  intended  use,  two  more  may  be  added. 

In  this  form  of  magneto-induction  apparatus  the  action 
of  the  magnet  and  coil  is  identical  with  that  of  the  Bell  tele- 
phone. This  action  is  similar  to  that  of  two  permanent 
horseshoe  magnets  having  their  unlike  poles  in  contact.  In 
this  case  the  opposing  poles  neutralize  each  other  to  such  an 
extent  as  to  almost  destroy  all  magnetic  effects.  On  sepa- 
ting  the  poles  of  the  two  magnets  they  regain  their  normal 
magnetism.  The  case  is  much  the  same  with  the  mag- 
netic key.      The  armature,  E,  when  applied  to  the  pole  ex- 


DYNAMIC    ELECTRICITY. 


479 


tensions,  becomes  a  magnet  by  induction,  and  by  its  reaction 
upon  the  magnet  neutralizes  the  power  of  the  magnet  and 
produces  nearly  the  same  result  as  withdrawing  the  magnet 
from  the  bobbin.  When  the  armature  is  withdrawn  sud- 
denly from  the  magnet,  the  effect  upon  the  wires  of  the  bob- 

Fn,.   466. 


bins  is  the  same  as  would  be  produced  by  introducing  into 
them  the  poles  of  the  magnet. 

To  render  the  electrical  pulsations  of  this  class  of 
machines  very  frequent,  the  armature  may  be  rotated,  as 
shown  in  Fig.  466,  which  represents  a  modification  of  an  old 

Fig.  467. 


and  well  known  magneto-induction  machine,  in  which  the 
bobbins,  D',  are  placed  on  pole  extensions  of  the  magnets, 
C,  and  the  variations  in  magnetic  force  are  produced  by 
the  wheel  armature,  E'. 

Another    method    of   generating    currents    by    a    rotary 
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Fig.  468. 


movement  of  the  armature  is  to  make  the  armature  in  the 
form  of  an  electro-magnet,  and  mount  it  upon  a  rotating 
spindle  so  that  it  may  revolve  in  close  proximity  to  the 
poles  of  a  strong  permanent  horseshoe  magnet.     This  form 

of  machine,  which  is  the  invention  of  Clarke,  is  shown  in  Fig. 

467.  It  has  long  been  used  for 
medical  purposes,  and  before  the 
invention  of  the  more  recent 
machines  was  emplo)'ed  for  elec- 
tro-metallurgy and  for  other  pur- 
poses. 

The  electro-magnetic  armature, 
G,  is  mounted  on  a  shaft,  so  that  it 
may  revolve  very  near  but  not  in 
contact  with  the  poles  of  the  com- 
pound magnet,  F.  One  of  the  ter- 
minals of  the  bobbins  is  in  elec- 
trical connection  with  the  shaft, 
the    other    is    connected    with    an 

insulated  ferrule  on  the  shaft.     The  alternating  current  is 

taken  off  by  two  springs,  one  touching  the  insulated  ferrule, 

the  other  bearing  against  the  shaft.     When  the  current  is 

required  to  flow  in  one  direction,  the  insulated   ferrule  is 

split    longitudinally   into   two    equal  separate  halves,  each 

of  which  is  connected    with  one 

terminal    of    the    armature  wire. 

This  split  ferrule,  together  with 

springs,  H,  which  press  upon  its 

diametrically    opposite    sides, 

forms  a  commutator  which  sends 

the   momentary  currents  of   like 

name  all  in  one  direction. 

The   slots  of   the  ferrule  are 

arranged  relative  to  the  springs, 

H,  and  armature,  so  when  the  polar  faces  of  the  armature 

cross  a  line  joining  the  poles  of  the  permanent  magnet,  the 

springs  will  leave  one-half  of  the  ferrule  and  touch  the  other 

half. 

Fig.   468  shows  a  modification  of  Clarke's  machine,  in 
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which  the  permanent  magnet,  F',  is  provided  with  pole 
extensions  of  soft  iron  surrounded  by  fine  wire  bobbins,  D". 
These  bobbins  are  connected  like  an  electro-magnet,  and 
when  the  armature,  G',  is  turned  so  as  to  send  a  direct  cur- 
rent through  the  springs,  H',  an  alternating  current  ma)'  be 
taken  from  the  bobbins,  D". 

Fig.  469  shows  a  kind  of  commutator  designed  for  short- 
circuiting  the  machine  through  a  part  of  the  revolution,  so 
that  when  the  short  circuit  is  broken  a  direct  extra  current 


Fig.  471. 


Plan  View  of  Magneto-Electric  Machine. 

capable  of  giving  powerful  shocks  will  pass  over  the  con- 
ductors leading  from  the  machine.  Each  half,  d,  of  the 
commutator  ferrule  is  provided  with  an  arm,  e,  terminating 
in  a  curved  piece,  ^,  attached  to  opposite  sides  of  the  insulat- 
ing cyhnder,  c.  The  curved  pieces,  g,  are  pressed  by  springs 
which  are  electrically  connected  with  the  commutator 
springs  on  their  respective  sides  of  the  cyhnder,  so  that 
when  the  piece,  ^,  is  touched  by  its  spring  and  the  ferrule,  d, 
is  touched  by  its  spring— the  two  springs  being  in  electrical 
communication  with  each  other— the  machine  is  for  the 
moment  short-circuited,  but  when  contact  with  g  is  broken. 
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the  extra  cvirrent   passes  by  the    usual   channels   from    the 
machine. 

A  magneto-electric  machine  equal  in  power  to  three  or 
four  Bunsen  elements  is  shown  in  Figs.  470,  471,  and  472. 
The  compound  field  magnet  is  composed  of  twelve  six-inch 
horseshoe  permanent  magnets,  K,  arranged  in  two  groups 
of  six,  with  their  like  extremities  clamped  between  curved 
soft  iron  bars,  J,  as  shown  in  the  vertical  longitudinal  sec- 
tion. Fig.  472.  These  bars  consist  of  sections  cut  from  com- 
mon wrought  iron  washers,  3  inches  external  diameter,  14 
inch  thick,  and  having  a  if  inch  hole  through  them.  The 
washers  are  all  drilled  to  receive  the  bolts,  h  k,  before  they 
are  cut   in   two.      The    washers,    J,    and   magnets,  K,   are 

FiG-  472, 


Transverse  Section  of  Magneto-Electric  Machine. 


placed  in  alternation  and  clamped  between  brass  angled 
plates,  L,  by  which  the  middle  portion  of  the  field  magnet 
is  fastened  to  its  base.  The  magnets  are  further  secured  to 
the  base  by  standards,  j,  which  clamp  the  sides  of  each 
group  of  magnets,  the  magnets  being  kept  the  proper  dis- 
tance apart  by  interposed  strips,  /. 

The  bars,  J,  are  cut  away  on  the  inner  edges,  forming  an 
approximately  elliptical  opening  for  receiving  the  armature, 
I,  which  is  a  very  little  less  than  if  inches  in  diameter,  and 
is  i\  inches  long.  It  is  of  the  Siemens  H  type,  and  is 
wound  with  four  parallel  silk-covered  No.  32  wires,  which 
terminate  in  eight  insulated  metallic  blocks  on  the  switch, 
M,  one  block  to  each  end  of  each  wire. 

The  switch  is  shown  in  detail  in  Fig.  473 — i,  2,  3,4,  5,6, 
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7,  8  being  the  terminals  of  the  wires  of  the  bobbin.  The 
blocks,  I  and  5,  represent  the  ends  of  the  first  wire,  2 
and  6  representing  the  ends  of  the  second  wire,  3  and  7 
the  third,  and  4  and  8  the  fourth;  15  and  16  are  curved 
brass  pieces  capable  of  being  plugged  into  connection  with 
the  blocks  just  mentioned,  by  means  of  screw  plugs,  shown 
in  place  in  the  engraving.  The  pieces,  15  and  16,  are  con- 
nected respectively  with  the  two  halves,  O  P,  of  the  com- 
mutator cylinder. 

At  the  ends  of  the  curved  pieces,  15    and  16,  there  are 
metallic  blocks,  17,  18 — the  block,   17,  being  connected  by  a 

Fig.  473. 


Switch  of  the  Magneto-Electric  Machine. 

wire  with  the  metallic  boss  of  the  rubber  wheel  upon  which 
the  switch  is  mounted  ;  the  block,  18,  being  connected  by  a 
wire  with  a  brass  ring,  Q,  on  the  rubber  support  of  the 
commutator. 

Inside  the  blocks,  i  to  8,  there  are  six  metallic  blocks,  9, 
10,  II,  12,  13,  14,  connected  together  by  wires  as  shown.  The 
opposite  sides  of  the  commutator  cyHnder  are  pressed  by 
springs  or  brushes,  R,  which  are  sustained  by  an  insulating 
support  and  are  provided  with  binding  posts  for  receivino- 
the  wires  for  conducting  away  the  direct  current.  A  spring, 
T,  touches  the  end  of  the  armature  shaft,  and  has  a  binding 
post  for  receiving  a  wire  conductor,   and  a  spring,  U,  sus- 
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tained  by  an  insulator  attached  to  the  angle  plate,  L,  has  a 
binding  post  for  receiving  a  conductor. 

This  machine  will  yield  currents  of  three  different  inten- 
sities, and  will  deliver  them  either  direct  or  alternating,  and 
it  answers  admirably  as  a  motor. 

To  obtain  a  quantity  current  the  screw  plugs  are  inserted 
as  shown  in  Fig.  473,  so  as  to  connect  1,2,  3,  4  with  15,  and 
5,  6,  7,  8  with  16.  In  this  condition  it  may  be  used  as  a 
motor. 

The  success  of  the  machine  as  a  motor  depends  in 
a  great  measure  on  the  adjustment  of  the  commutator.     Its 

Fig.  474. 


Polarized   Bell. 


slit  should  be  nearly  opposite  the  center  of  the  open  space 
or  groove  in  the  armature. 

To  secure  a  current  of  higher  voltage,  connect  5  and  6 
with  16,  connect  i  to  2  and  2  to  11,  connect  12  to  7  and  7  to 
8,  and  finally  connect  3  and  4  with  15.  To  get  the  highest 
voltage,  connect  5  to  16,  i  to  9,  10  to  6,  2  to  11,  12  to  7,  3  to 
13,  14  to  8,  and  4  to  15.  Direct  currents  are  taken  from  the 
springs,  R,  alternating  currents  are  taken  from  the  springs, 
T,  U,  after  connecting  15  to  17  and  16  to  18.  The  quantity 
current  is  obtained  from  four  parallel  wires,  which  are 
equivalent  to  one  wire  having  four  times  the  sectional  area 
of  the  single  wire  and  one-fourth  the  length.  When  the 
medium  current  is  secured  the  wire  is  doubled,  so  that  it  is 
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equivalent  to  a  wire  having  twice  tlie  sectional  area  of  the 
single  wire  and  one  half  the  length.  For  the  high  voltage 
current  the  full  length  of  wire  is  used  single. 

Fig.  474  represents  a  Siemens  polarized  bell,  in  which  an 
iron  voke,  in,  is  supported  from  the  elongated  ends  of  the 
yoke  of  the  magnet,  /,  by  two  brass  studs.  The  yoke,  ;;/, 
supports  the  pivots  of  the  bell  armature,  ;/,  also  the  studs 
upon  which  the  bells  are  placed,  and  to  it  is  secured  the 
magnet,  /,  which  is  bent  under  the  voke  of  the  magnet,  /, 
without  touching  it. 

Fig.  475    shows   a   similar   but  simpler  device,  in  which 

Fig    475. 


Simple  Polarized   Bell. 


the  poles  of  the  magnet,  /',  are  fitted  with  a  brass  yoke, 
;«■,  which  supports  an  iron  frame  in  which  is  pivoted 
the  armature,  «',  and  to  which  the  bell  is  attached.  This 
frame  has  a  socket,  o' ,  for  receiving  one  of  the  poles  of  a 
horseshoe  magnet,  /,  the  other  pole  of  which  touches  the 
yoke  of  the  magnet,  /'. 

The  polarized  annunciator  shown  in  Fig.  476  has  two 
soft  iron  cores,  ;-,  carrying  two  bobbins  of  fine  wire  con- 
nected like  the  spools  of  an  electro-magnet.  In  front  of 
these  soft  iron  cores  there  is  a  light  delicately  pivoted  plate, 
,f,  of  iron,  which  is  held  in  contact  with  the  cores,  r,  by 
magnetism  induced  in  them  by  a  magnet,  t,  clamped  in  the 
middle  and  capable  of  being  adjusted  by  a  spring  and  screw 
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Fig.  476. 


at  the  bottom.  The  iron  annunciator  plate,  s,  has  sufficient 
inclination  to  cause  it  to  drop  if  released  from  the  cores,  r. 
The  magnet  is  placed  so  near  the  cores,  ?-,  as  to  impart  to 
them  just  enough  attractive  force  to  hold  the  plate,  6,  and 
no  more. 

The  polarized  bells  and  annunciator  may  be  worked  by 
either  of  the  instruments  shown  in  Figs.  465,  466,  and  467, 
and  will  be  found  for  many  uses  pre- 
ferable to  electric  bells  and  annuncia- 
tors operated  by  battery  currents. 

HAND    POWER   DYNAMO. 


Fig.  477  is  a  perspective  view  of 
a  small  hand  dynamo,  which  is  shown 
half  size  in  detail  in  Figs.  478,  479, 
480,  and  481.  This  is  a  Siemens  H- 
armature  machine,  which  is  as  efficient 
as  any  small  dynamo,  while  it  has  the 
advantage  of  being  readily  understood 
and  easily  constructed.  The  field 
magnet  is,  for  the  sake  of  con- 
venience, composed  of  two  pieces, 
A  B,  which  are  exactly  alike  except- 
ing that  the  connecting  piece,  C,  is 
cast  with  the  piece,  A.  The  parts, 
A  B,  are  planed  at  their  juncture  at 
the  top,  and  secured  together  by  two 
bolts  which  pass  through  the  part,  C. 
The  lower  ends  of  these  parts  are 
also    planed     to     receive    the    brass 

plate,  E,  which  is  secured  in  place  by  dowels  and  screws, 
two  of  each  entering  each  part.  The  cylindrical  cavit)' 
which  receives  the  armature,  G,  is  bored  out  truly  and 
smoothly  of  a  uniform  caliber  from  end  to  end.  The 
edges  of  that  portion  of  the  field  magnet  around  which  the 
wire,  D,  is  wound  are  rounded  and  a  piece  of  cotton  cloth 
is  wrapped  around  each  core,  and  secured  by  means  of 
shellac  varnish.  Upon  this  is  wound  seven  layers  of  No. 
16  cotton-covered  copper  wire.     The  limbs  of  the  magnets 
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are  wound  in  the  same  direction,  or  in  such  a  way  that 
when  the  two  portions,  A  B,  are  placed  end  to  end,  one  coil 
would  be  simply  a  continuation  of  the  other.  The  inner 
ends  of  the  coils  are  connected  together,  while  their  outer 
ends  are  of  sufficient  length  to  run  downward  through  the 
base,  and  bend  outward  at  in  o,  and  are  connected  with  the 
binding  posts,  n  p. 

The  armature,  G,  consists  of  a  cylindrical  piece  of  soft 

Fig.  477. 


Hand  Power  Dynamo. 


cast  iron  grooved  longitudinally  and  across  the  ends,  and 
wound  with  No.  18  cotton  or  silk  covered  copper  wire.  It 
is,  in  fact,  a  very  short  and  wide  bar  electro-magnet,  having 
enlarged  and  elongated  ends  of  the  form  of  a  segment  of  a 
C3dinder.  In  diameter  the  armature  is  only  a  very  little  less 
than  that  of  the  cylindrical  space  between  the  parts,  A  B, 
of  the  field  magnet,  and  its  length  is  little  less  than  the 
width  of  he  field  magnet.  In  Figs.  478  and  480,  G'  is  the 
core  of  the  armature   around  which   is  wound  the  wire,  H. 
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To  opposite  ends  of  the  armature  are  fitted  the  brass  heads, 
1  J,  into  which  are  screwed  the  shafts,  b  c.  The  core,  G',  of 
the  armature  is  filed  to  remove  roughnesses  and  hard  scale, 
and  the  heads  and  shafts  are  fitted  to  the  ends  of  the 
armature  before  it  is  turned  and  fitted  to  the  cylindrical 
space  in  the  field  magnet.  The  shaft,  b,  is  journaled  in  a 
brass  support, L,  which  is  attached  by  screws  to  the  edges 
of  the  parts,  A  B,  of  the  field  magnet.  The  shaft,  c,  is  jour- 
naled in  a  similar  support,  M,  which  is  secured  to  the  oppo- 
site side  of  the  electro-magnet.  Outside  of  the  bearing,  L, 
upon  the  shaft,  b,  is  secured  the  pulley,  d,  and  between  the 
svipport,  M,  and  the  head,  J,  the  commutator  is  placed  upon 
the  shaft,  c.  The  commutator  consists  ol  a  vulcanite  cylin- 
der, f ,  having  upon  its  periphery  a  copper  or  brass  ferrule, 
which  is  slit  longitudinally  at  diametricall)'  opposite  points, 
forming  the  insulated  segments,/^'.  These  are  secured  to 
the  vulcanite  cylinder  by  small  brass  screws,  and  the  slits 
are  placed  exactly  opposite  the  center  of  the  longitudinal 
grooves  in  the  armature.  The  commutator  is  prevented 
from  turning  on  the  shaft  by  a  set  screw,  and  with  the  seg- 
ments, f  g,  are  connected  the  terminals  of  the  armature 
coil,  H.  These  terminals  pass  through  holes  in  the  head, 
J,  which  are  lined  with  an  insulating  material. 

To  opposite  sides  of  the  support,  M,  are  secured  the 
copper  commutator  springs,  //  /,  each  consisting  of  five  or 
six  thicknesses  of  thin,  hard-rolled  copper.  They  are  both  se- 
cured by  screws,  and  insulated  from  the  support  by  vulcanite 
buttons,/.  The  spring,  It,  is  bent  forward  over  the  commuta- 
tor and  bears  upon  it  with  a  slight  pressure.  The  spring,  i, 
is  bent  so  that  it  touches  the  commutator  at  a  point  dia- 
metrically opposite  the  contact  point  of  the  spring,  //.  To 
the  spring,  //,  a  wire  (No.  14)  is  soldered,  and  extends  down- 
ward through  the  wooden  base  of  the  machine;  a  similar 
wire  runs  from  the  spring,  i.  As  the  design  of  this  machine 
is  such  that  the  field  magnet  may  be  connected  with  a  bat- 
tery, so  that  all  of  the  current  from  the  armature  may  be 
utilized  in  the  external  circuit,  instead  of  allowing  a  portion 
of  it  to  pass  throvigh  the  helices  of  the  magnet,  two  extra 
binding  posts,  u  v,  and  a  switch,  N,  are  added. 
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The  connections  under  the  base  are  as  follows; 
The  terminals,  /;/  0,  of  the  field    mag-net   are  connected 
with  the  binding  posts,  « /.     The  commutator  spring,  //.  is 


connected  by  the  wire,  /■,  with  the  binding  post,  :■:  the  com- 
mutator spring,  /,  is  connected  with  the  SAvitch,  N,  by  the 
wire,  /.  The  switch  button,  r.  is  connected  with  the  binding 
post,/,  by  a  suitable  wire,  and  the  switch  button,  .?,  is  con- 
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nected  with  the  binding  post,  u,  by  the  wire,  /.  All  of  these 
connections  should  be  made  with  No.  14  wire.  A  support, 
O,  for  the  shaft,  P,  is  secured  to  the  top  of  the  electro-mag- 
net. The  shaft,  P,  has  at  one  end  the  driving  wheel,  Q,  and 
at  the  other  end  a  crank  for  operating  the  machine.  A  one 
inch  belt,  R,  runs  around  the  pulle}^,  d,  and  the  wheel,  Q. 

When  the  machine  is  driven  by  power  the  pulle}^  d,  may 
with  advantage  be  larger.  The  size  of  the  wire  on  the  mag- 
net and  armature  ma)'  be  varied  for  some  special  purpose, 
but  for  general  use  the  sizes  here  given  are  recommended. 
The  slit  in  the  commutator  should  be  made  slightly  diagonal, 
so  that  one  section  of  the  copper  ferrule  will  touch  the 
spring  before  the  other  section  leaves  it.  The  armature 
should  fit  in  the  magnet  as  closely  as  possible  without  rub- 


Armature  and  Commutator — Longitudinal  Section. 


bing.  The  parts  indicated  as  brass  or  copper  should  be 
made  of  these  metals,  as  a  magnetic  insulation  is  required 
wherever  they  are  used. 

When  the  switch,  N,  is  in  the  position  shown  in  the 
drawing,  the  binding  posts,  n  v,  being  connected  by  a  wire, 
the  current  passes  from  the  post,  v,  through  the  commuta- 
tor and  the  armature,  thence  b}-  the  wire,  /,  to  the  switch, 
thence  through  the  button,  r,  and  by  the  wire  to  the  post,/, 
thence  through  the  field  magnet  to  the  post,  n,  through  the 
terminal,  ;//.  When  the  machine  is  arranged  in  this  man- 
ner, the  wires  leading  from  the  machine  are  taken  from  the 
posts,  V  n.  The  full  power  of  the  machine  is  developed  an 
instant  after  the  connection  of  the  posts,  v  n. 

By  moving  the  switch,  N,  into  contact  with  the  button,  s. 
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and  connecting  a  battery  of  six  or  eight  Bunsen  cells  with 
the  posts,  n  p,  the  magnets  are  excited  without  detracting 
from  the  power  of  the  armature,  and  the  current  from  the 
latter  is  taken  through  the  wire,  k,  as  before,  to  the  post,  v, 
but  the  wire,  /,  is  now  in  electrical  connection  with  the 
binding  post,  u,  through  the  switch,  N,  button,  s,  and  wire, 
t ;  therefore  the  current  is  taken  away  from  the  machine  by 
inserting  wires  in  the  posts,  u  v. 

When  not  connected  with  a  battery,  this  machine  will 
heat  from  four  to  six  inches  of  No.  36  platinum  wire.  It 
will  rapidly  decompose  water  when  the  ends  of  the  wires 
are  dipped  in  water  slightly  acidulated.      It  will  run  an 
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Transverse  Section  of  Commutator. 


induction  coil.  The  extra  current  from  this  machine  is  suffi- 
cient to  give  strong  shocks,  ignite  powder,  etc.  By  connect- 
ing it  with  a  helix  or  electro-magnet,  small  permanent  mag- 
nets may  be  charged. .  For  many  purposes  this  machine 
will  be  found  equal  to  four  or  six  Bunsen  cells. 

When  a  battery  is  employed  to  excite  the  field  magnet, 
the  current  is  very  much  increased.  For  example,  it  will 
then  heat  twelve  inches  of  platinum  wire  instead  of  four  or 
six  inches,  and  it  will  afford  a  current  sufficient  for  a  strong 
electric  light.  The  speed  has  much  to  do  with  the  amount 
of  current  produced  by  the  machine.  The  speed  should  be 
from  1,200  to  1,500  turns  of  the  armature  per  minute.  The 
drive  wheel  in  the  example  given  may  with  advantage  be 
made  much  larger,  say  two  feet  in  diameter. 
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ELECTRO-PLATING   DYNAMO. 


The  electro-plating  d3'namo  difters  from  the  one  alread}' 
described  chiefl}-  in  its  winding.  For  metallurgical  work  a 
large  current  of  low  voltage  is  required.  For  electro-typ- 
ing, an  electro-motive  force   of  three  to  four  volts  is  sufifi- 
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Electro-Plating  Dynamo. 


cient,  while   for    nickel    plating  it  should  run  up  to  about 
six  volts,  and  for  silver  plating  to  about  five. 

In  a  small  dynamo,  like  the  one  illustrated  in  Fig.  482,  it 
is  impossible  to  secure  as  wide  a  range  of  electro-motive 
force  or  of  current  as  can  be  realized  in  a  larger  machine, 
but  by  varying  the  speed  and  by  introducing  more  or  less 
resistance  in  the  external  or  internal  circuit,  the  current  can 
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be  adapted  to  most  uses  of  the  amateur.  In  the  construc- 
tion of  this  dynamo  all  of  the  dimensions  of  the  cores  and 
polar  extremities  of  the  field  magnet  and  of  the  armature 
core,  as  given  in  the  description  of  the  hand  power  dynamo, 
are  followed  except  in  regard  to  the  thickness  of  the  waists 
of  the  field  magnets  and  their  polar  extremities.  These 
dimensions  are  here  increased  by  adding  y^  inch  to  the 
thickness  of  the  waists  and  l{  inch  to  the  thickness  of  the 
polar  extremities,  thus  increasing  the  amount  of  iron  in  the 
field  magnet. 

The  armature  is  wound  with  five  layers  of  No.  12  cotton- 
covered  magnet  wire,  and  the  terminals  of  the  coil  are  con- 
nected with  the  halves  of  the  commutator  cylinder  as  shown 
in  Fig.  483. 

The  commutator  cylinder  is  formed   of  two  sections  cut 
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Armature  of  Electro-Plating  Dynamo— Half  Size. 

from  a  copper  tube  and  mounted  upon  a  hub  of  vulcanite 
or  vulcanized  fiber,  the  tube  sections  being  separated  from 
each  other  so  as  to  form  diagonal  sHts  in  diametrically  oppo- 
site sides  of  the  cylinder,  as  shown. 

The  brushes  are  supported  by  mortised  studs  inserted  in 
the  ends  of  a  cross  bar  of  vulcanized  fiber  mounted  on  the 
journal  box  of  the  armature  shaft.  The  threaded  ends  of 
the  mortised  studs  project  through  the  cross  bar  to  receive 
binding  posts  which  are  screwed  down  tightly  on  the  bar. 
In  the  mortises  of  the  studs  are  placed  the  brushes,  which 
press  lightly  upon  the  commutator  cylinder.  The  brushes 
are  formed  of  several  thicknesses  of  thin  hard-rolled  copper. 
The  field  magnet  is  wound  with  twelve  layers  of  No.  18 
magnet  wire,  and  is  connected  as  a  shunt  to  the  armature. 
That  is  to  say,  the  terminals  of  the  field  magnet  wires  are 
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connected  with  the  same  binding  posts  that  receive  the 
wires  from  the  commutator  brushes,  as  shown  in  Fig.  484. 

The  conductors  of  the  external  circuit  are  also  connected 
with  these  binding  posts.  When  the  connections  are 
arranged  in  this  way,  the  current  divides  at  the  binding 
posts  referred  to,  a  part  going  through  the  wire  of  field 
magnet,  another  part  going  .through  the  external  circuit, 
which  in  the  present  case  includes  a  plating  solution. 

To  the  negative  conductor  is  attached  the  cathode  or  the 
plate  or  object  which  is  to  receive  the  deposit,  and  upon 
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Connections  of  Plating  D3'namo. 

the  positive  conductor  is  suspended  the  anode  or  plate  from 
which  the  metal  for  the  deposit  is  suppHed  to  the  solution. 

Unless  the  dynamo  is  at  first  started  with  a  battery  in 
circuit,  it  will  be  impossible  to  tell,  without  a  test  of  some 
sort,  which  is  the  positive  and  which  the  negative  binding 
post.  This  can  be  determined  in  a  moment  by  trial  in  the 
plating  solution. 

If  on  starting  the  machine  a  deposit  is  made  on  the 
cathode,  the  connections  are  correct.  If,  however,  no 
deposit  appears,  the  conductors  should  be  transposed  either 
at  the  dynamo  or  at  the  plating  bath. 
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Large  wire  should  be  used  for  carrying  the  current. 
Within  certain  limits  the  electro-motive  force  of  the  current 
may  be  varied  by  changing  the  speed  of  the  machine,  and 
the  current  may  be  controlled  by  inserting  resistance  into 
the  external  circuit  or  into  the  shunt. 

The  hand-power  dynamo  may  be  converted  into  a  shunt 
machine  by  arranging  the  connections  according  to  Fig. 
484,  but  it  vvill  be  necessary  to  introduce  resistance  into 
the  shunt  or  field  magnet  circuit  to  prevent  too  much  cur- 
rent from  going  through  the  field  magnet. 

The  electro-plating  dynamo  may  be  used  successfully  in 
copper,  nickel,  and  silver  plating  on  a  small  scale,  also  for 
electro-typing.*  This  dynamo  acts  well  when  used  as  a 
motor    in    connection  with  the   plunge    battery  shown    in 

Fig.  394- 

The  length  of  wire  on  the  armature  is  40  feet  and  on 
the  field  magnet  about  500  teet. 

SIMPLE   ELECTRIC    MOTOR. 

It  is  generally  understood  that  an  efficient  electric  motor 
cannot  be  made  without  the  use  of  machinery  and  fine  tools. 
It  is  also  believed  that  the  expense  of  patterns,  castings,  and 
materials  of  various  kinds  required  in  the  construction  of  a 
good  electric  motor  is  considerable. 

The  little  motor  shown  in  the  engravings  was  devised 
and  constructed  with  a  view  to  assisting  amateurs  and 
beginners  in  electricity  to  make  a  motor  which  might  be 
driven  to  advantage  by  a  current  derived  from  a  battery. 
and  which  would  have  sufficient  power  to  operate  an  t)rdi- 
nary  foot  lathe  or  any  light  machinery  requiring  not  over 
one  man  power. 

The  only  machine  work  required  in  the  construction  of 
the  motor  illustrated  is  the  turning  of  the  wooden  support 
for  the   armature  ring.     The  materials  cost  less  than  four 

*  "Electro-plating"  and  "  Electro-typing, "  by  Urquhart,  and  "Electro- 
Deposition,"  by  Watt,  are  excellent  works  on  their  respective  subjects.  The 
Scientific  American  Supplement  also  contains  valuable  information  on  these 
subjects  and  on  the  construction  of  dynamos  for  these  uses. 
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dollars,  and  the  labor  is  not  great,  although  some  of  the 
operations,  such  as  winding  the  armature  and  field  magnet, 
require  some  time  and  considerable  patience.  On  the 
whole,  however,  it  is  a  very  easy  machine  to  make,  and,  if 


Fig.  489. 


Fig.  490. 


Fig.  486.— Armature   Core.      Fig.  4S9.— End   View   of  Armature,    showing 
Commutator.      Fig.  490,— Brush-holding  Disk. 


Transverse  Section. 


carefully  constructed,  will  certainly  give  satisfaction.  Only 
such  materials  as  may  be  procured  anywhere  are  required. 
No  patterns  or  castings  are  needed. 

Beginning  with  the  armature,  a  wooden  spool,  A  (Fig. 
486),  should  be  made  of  sufficient   size  to  receive  the  soft 
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iron  wire  of  which  the  core  of  the  armature  is  formed. 
The  wire,  before  winding,  should  be  varnished  witli  shellac 
and  allowed  to  dry,  and  the  surface  of  the  spool  on  which 
the  Avire  is  wound  should  be  covered  with  paper  to  prevent 
the  sticking  of  the  varnish  when  the  wire  is  heated,  as  will 
presently  be  described.  The  size  of  the  iron  wire  of  the 
core  is  No.  i8  American  wire  gauge.  The  spool  is  2^^ 
inches  in  diameter  in  the  smaller  part,  and  2  inches  in  length 


Fig.  4S7. 


Winding:  the  Armature. 


between  the  flanges.  It  is  divided  at  the  center  and  fastened 
together  by  screws.  Each  part  is  tapered  slightly  to  facili- 
tate its  removal  from  the  wire  ring.  The  wife  is  wound  on 
the  spool  to  a  depth  of  t  inch.  It  should  be  wound  in  even 
layers,  and  when  the  winding  is  complete,  the  spool  and  its 
contents  should  be  placed  in  a  hot  oven  and  allowed  to 
remain  until  the  shellac  melts  and  the  convolutions  of  wire 
are  cemented  together. 

After  cooling,  the  iron  wire  ring,  B,  is  withdrawn  from 
the  spool  and  covered  with  a  single  thickness  of  adhesive 
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tape,  to  insure  insulation.  If  adhesive  tape  is  not  at  hand, 
very  thin  cotton  tape  or  strips  of  cotton  cloth  may  be  sub- 
stituted. A  single  coat  of  shellac  varnish  will  hold  the  cov- 
ing in  place. 

The  ring  is  now  spaced  off  into  twelve  equal  divisions, 
and  lines  are  drawn  around  the  ring  transversely,  dividing 
it  into  twelve  equal  segments,  as  shown  in  Fig.  487. 

Two  wedge-shaped  pieces,  C,  of  hard  wood  are 
notched  and  fitted  to  the  ring  so  as  to  inclose  a  space  in 
which  to  wind  the  coil.  These  blocks  may  be  clamped  in 
any  convenient  way.  The  coil,  D,  consists  of  No.  i8  cot- 
ton-covered copper  magnet  wire,  four  layers  deep,  each 
layer  having  eight  convolutions.  The  end,  a,  and  the  begin- 
ning, b,  of  the  winding  terminate  on  the  same  side  of  the 
coil.  The  last  layer  of  wire  should  be  wound  over  two  or 
three  strands  of  shoe  thread,  which  should  be  tied  after  the 
coil  is  complete,  thus  binding  the  wires  together. 

When  the  first  section  of  the  winding  is  hnished,  the 
wire  is  cut  off  and  the  ends  (about  two  inches  in  length)  are 
twisted  together  to  cause  the  coil  to  retain  its  shape.  After 
the  completion  of  the  first  section,  one  of  the  pieces,  C,  is 
moved  to  a  new  position  and  the  second  section  is  proceeded 
with,  and  so  on  until  the  twelve  sections  are  wound.  The 
coils  of  the  ring  are  then  varnished  with  thin  shellac  varnish, 
the  varnish  being  allowed  to  soak  into  the  interior  of  the 
coils.  Finally,  the  ring  is  allowed  to  remain  in  a  warm 
place  until  the  varnish  is  thoroughly  dry  and  hard. 

Care  should  be  taken  to  wind  all  of  the  coils  in  the  same 
direction  and  to  have  the  same  number  of  convolutions  in 
each  coil.  A  convenient  way  of  carrying  the  wire  through 
and  around  the  ring  is  to  wind  upon  a  small  ordinary  spool 
enough  wire  for  a  single  section,  using  the  spool  as  a 
shuttle. 

The  ring  is  mounted  upon  a  wooden  hub,  G,  Fig.  488, 
and  is  held  in  place  by  the  wooden  collar,  H,  both  hub  and 
collar  being  provided  with  a  concave  flange  for  receiving 
the  inner  edges  of  the  ring.  The  collar,  H,  is  fastened  to 
the  end  of  the  hub,  G,  by  ordinary  brass  wood-screws. 
Both  hub  and  collar  are  mounted  on  a  -j\  steel  shaft  formed 
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of  Stubs'  wire,  which  needs  no  turning.  A  pullc}^  is  formed 
integrally  with  the  collar,  H.  The  end  of  the  hub,  G, 
which  is  provided  with  a  flange,  is  prolonged  to  form  the 
commutator,  and  the  terminals,  a  b,  of  the  ring  coils  are 
arranged  along  the  surface  of  the  hub  and  inserted  in  radial 
holes  drilled  in  the  hub  in  pairs.  The  wires  are  arranged 
so  that  one  hole  of  each  pair  receives  the  outer  end  of  one 
coil  and  the  other  hole  receives  the  inner  end  of  the  next 
coil,  the  extremities  of  the  wire  being  scraped  before  inser- 
tion in  the  holes.  The  distance  between  the  holes  of  each 
pair  is  sufficient  to  allow  a  brass  wood-screw  to  enter  the 
end  of  the  hub,  G,  and  form  an  electrical  contact  with  both 
wires  of  the  pair,  as  shown  in  Fig.  488. 

There  being  twelve  armature  sections  and  twelve  pairs 
of  terminals,  there  will  of  course  be  required  a  correspond- 
ing number  of  brass  screws.  These  screws  are  inserted  in 
the  end  of  the  hub,  G,  so  as  to  come  exactly  even  with  the 
end  of  the  hub  without  touching  each  other.  This  com- 
pletes the  armature  and  the  commutator. 

Before  proceeding  to  mount  the  armature  shaft  in  jour- 
nal boxes,  it  will  be  necessary  to  construct  the  field  magnet, 
as  the  machine  must,  to  some  extent  at  least,  be  made  by 
"  rule  of  thumb." 

The  body,  E,  of  the  field  magnet  consists  of  strips  of 
Russia  iron,  such  as  is  used  in  the  manufacture  of  stoves  and 
stove  pipe.  The  strips  are  2\  inches  wide,  and  of  anj^  con- 
venient length,  their  combined  length  being  sufficient  to 
build  up  a  magnet  core  seven-sixteenths  inch  thick,  of  the 
form  shown  in  Fig.  485.  The  ends  of  the  strips  are  simply 
abutted.  The  motor  illustrated  has  fifteen  layers  of  iron  in 
the  magnet,  each  requiring  about  26  inches  of  iron,  approxi- 
mately 33  feet  altogether. 

The  wooden  block,  F,  on  which  the  magnet  is  formed  is 
secured  to  a  base  board,  G,  as  shown  in  Fig.  491,  and 
grooves  are  made  in  the  edges  of  the  block,  and  correspond- 
ing holes  are  formed  in  the  base  to  receive  wires  for  tem- 
porarily binding  the  iron  strips  together.  Opposite  each 
angle  of  the  block,  F,  mortises  are  made  in  the  base  board, 
G,  to  receive  the  keys,  d,  and  wedges,  c.     Each  key,  d,  is  re- 
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tained  in  its  mortise  by  a  dovetail,  as  shown  in  Fig.  492.  By 
tiiis  arrangement  each  layer  of  the  strip  of  iron  may  be 
held  in  position,  as  the  formation  of  the  magnet  proceeds, 
the  several  kej's,  d,  and  wedges,  c,  being  removed  and 
replaced  in  succession  as  the  iron  strip  is  carried  around  the 
block,  F.  When  the  magnet  has  reached  the  required  thick- 
ness, the  wedges,  c,  are  forced  down  so  as  to  hold  the  iron 
firml}-,  then  the  layers  of  iron  are  closely  bound  together  by 

Figs.  491  and  492. 


Forming  the   Field   Magnet. 

iron  binding  wire  wound  around  the  magnet  through  the 
grooves,  .;',  and  holes  in  the  base  board,  G. 

The  next  step  in  the  construction  of  the  machine  is  the 
winding  of  the  iield  magnet.  To  insure  the  insulation  of 
the  magnet  wire  from  the  iron  core  of  the  magnet,  the  latter 
is  covered  upon  the  parts  to  be  wound  by  adhesive  tape  or 
by  cotton  cloth  attached  by  means  of  shellac  varnish. 

The  direction  of  winding  is  clearly  shown  in  Fig.  493. 
Five  layers  of  No.  16  magnet  wire  are  wound  upon  each 
section  of  the  magnet.  The  winding  begins  at  the  outer 
end  of  the  magnet,  and  ends  at  the  inner  end  of  the  section. 
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When  the  windmg  is  completed,  the  temporary  binding  is 
removed.  The  outer  ends  of  coils  i  and  2  are  con- 
nected together,  and  the  outer  ends  of  3  and  4  are  con- 
nected. 

The  inner  ends  of  2  and  4  are  connected.  The  inner 
end  of  3  is  to  be  connected  with  the  commutator  brush,  /. 
The  inner  end  of  i  is  to  be  connected  with  the  binding 
post,  g,  and  the  binding  post,  ^',  is  to  be  connected  with  the 
commutator  brush,/'. 

The  field  magnet  is  now  placed  upon  a  base  having 
blocks  of  suitable  height  to  support  it  in  a  horizontal  posi- 
tion. Blocks  are  placed  between  the  coils,  to  prevent  the 
top  of  the  magnet  from  drawing  down  upon  the  armature, 
and  the  magnet  is  secured  in  place  by  brass  straps,  as  shown 
in  Fig.  485. 

The  armature  is  wrapped  with  three  or  four  thicknesses 
of  heavy  paper,  and  inserted  in  the  wider  part  of  the  field 
magnet,  the  paper  serving  to  center  the  armature  in  the 
magnet.  The  armature  shaft  is  le/eled  and  arranged  at 
right  angles  with  the  field  magnet.  The  posts  in  which  the 
armature  shaft  is  journaled  are  bored  transversely  larger 
than  the  shaft,  and  a  hole  is  bored  from  the  top  downward, 
so  as  to  communicate  with  the  transverse  hole.  To  prevent 
the  binding  of  the  journal  boxes,  the  exposed  ends  of  the 
armature  shaft  are  covered  with  a  thin  wash  of  pure  clay 
and  allowed  to  dry. 

The  posts  are  secured  to  the  base,  with  the  ends  of 
the  armature  shaft  projecting  into  the  transverse  holes. 
Washers  of  pasteboard  are  placed  upon  the  shaft  on  oppo- 
site sides  of  the  posts,  to  confine  the  melted  metal  which  is 
to  form  the  journal  boxes.  Babbitt  metal,  or,  in  its  absence, 
type  metal,  is  melted  and  poured  into  the  space  around  the 
shaft  through  the  vertical  hole  in  the  post.  The  journal 
boxes  thus  formed  are  each  provided  with  an  oil  hole,  ex- 
tending from  the  top  of  the  post  downward.  If,  after  clean- 
ing and  oiling  the  boxes,  the  shaft  does  not  turn  freely,  the 
boxes  should  be  reamed  or  scraped  until  the  desired  freedom 
is  secured. 

All  that  is  now  required  to  complete  the  motor  is  the 
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commutator  brushes,  //'.  They  each  consist  of  three  or 
four  strips  of  thin  hard-rolled  copper,  curved,  as  shown  in 
Fig.  488,  to  cause  them  to  bear  upon  the  screws  in  the  end 
of  the  hub,  G.  The  brushes  are  secured  bv  small  bolts  to  a 
disk  of  vulcanized  hber  or  vulcanite  at  diametrically  opposite 
points,  as  shown  in  dotted  lines  in  Fig.  489,  and  the  brushes 
are  arranged  in  the  direction  of  the  rotation  of  the  arma- 
ture. 

In  the  brush-carrjdng  disk  is  formed  a  curved  slot  for 
receiving  a  screw,  shown  in  Fig.  492,  which  passes  through 
the  slot  into  the   post  and    serves  to   bind   the    disk  in  any 


Circuit  of  Simple  Electric  Motor. 

position.  The  disk  is  mounted  on  a  boss  projecting  from 
the  inner  side  of  the  post  concentric  with  the  armature 
shaft.  The  brushes  are  connected  up  by  means  of  flexible 
cord,  or  by  a  wire  spiral,  as  shown  in  Figs.  485  and  493. 
The  most  favorable  position  for  the  brushes  may  soon  be 
found  after  applying  the  current  to  the  motor.  The  ends  of 
both  brushes  will  lie  approximately  in  the  same  horizontal 
plane. 

When  the  motor  is  in  operation,  the  direction  oi  the 
current  in  the  conductor  of  the  field  magnet  is  such  as 
to  produce  consequent  poles  above  and  below  the  armature, 
as  indicated  in  Fig.  493. 
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The  dimensions  of  the  parts  of  the  motor  are  tabulated 
below  : 

Length  of  field  magnet  (inside) lo  inches. 

Internal  diameter  of  polar  section  of  magnet     3y\  " 

Width  of  magnet  core 2i     " 

Number    of    la3'ers    of  wire   to    each    coil  of 

magnet 5 

Number  of  convolutions  in   each  layer 34 

Length  of  wire  in  each  coil  (approximate) ....  95  feet. 

Size  of  wire,  Am.  W.  G     No.   16 

Outside  diameter  of  armature 3>^'  inches. 

Inside  diameter  of  armature  core 2y^-j.    '■ 

Thickness  "         "  "  I     " 

Width  "         "  "      2 

"  "         "  wound 2}^     " 

Number  of    coils   on   armature 12 

Number    of  layers  in   each   coil  4 

Number    of    convolutions  in  each  layer....  8 
Length  of    wire  in  each    armature   coil    (ap- 
proximate)    15  feet. 

Size  of  wire  on  armature,  Am.   W.  G No.  iS 

Length   of  armature  shaft 7^  inches. 

Diameter  of  armatiire  shaft -J'^ 

"  "    wooden     hub i\}    " 

Distance    between    standards 53/j    " 

Total  weight  of  wire  in  armature    and   field 

magnet 6  lb. 

This  motor  is  designed  for  use  in  connection  with  a  bat- 
terv  of  low  resistance,  preferabl)'  one  of  the  plunging  type 
(Fig.  394),  as  such  a  battery  permits  of  readily  regulating 
the  speed  and  power  of  the  motor  by  simply  plunging  the 
plates  more  or  less. 

This  form  of  battery  has  the  additional  advantages  of 
being  more  powerful  for  its  size  than  any  other  and  of  being 
very  easily  cleaned  and  kept  in  order.  It  has,  however,  the 
disadvantage  of  becoming  exhausted  in  three  or  four  hours, 
but  this  is  partly  compensated  for  by  the  ease  with  which  it 
may  be  renewed. 
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Eight   cells   of    plunging   bichromate    battery  like  that 
shown    in    Fig.    394    will    develop    sufficient   power  in    the 

Fig.  494, 


Side  Elevation,   Partly  in  Section,  of  Simple  Electric  Motor — One-third  Size. 

motor  to  run  an  ordinary  foot  lathe  or  two  or  three  sewing 
machines.  If  it  is  desirable  to  adapt  the  motor  to  a  battery 
of  higher  resistance,  the  armature  and  field  magnet  may  be 

Fig.  495. 


Vertical   Transverse   Section    of    Motor,   taken   through   the    Center   of  the 
Armature — One-third  Size,  showing  the  Field  M.ignet  in  a  Shunt. 


wound  with  finer  wire.  For  a  dynamo  circuit  the  field  mag- 
net oi  the  motor  should  be  placed  in  a  shunt.  (See  diagram 
of  Plating  Dynamo.)    If  the  motor  is  wound  with  wire  of  any 
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size  between  Nos.  i6  and  20,  a  battery  may  be  adapted  to  it. 
When  the  field  magnet  is  wound  with  finer  wire  and  con- 
nected as  a  shunt  around  the  armature,  the  motor  becomes 
self-regulating. 

The  foregoing  description  of  the  small  motor  was  written 
for  the  purpose  of  assisting  amateurs  who  have  few  tools 
and  no  machinery.  If  all  necessary  tools  are  available,  the 
motor  may  undoubtedly  be  modified  in  several  particulars, 
to  facilitate  the  work  of  construction,  but  without  securing 
better  final  results.  Fig.  496  shows  a  magnet  made  of  cast 
iron.  Instead  of  being  formed  of  a  single  casting,  it  con- 
sists of  two  like  halves,  both  made  from  the  same  pattern. 
The  ends,  which  are  square,  are  fitted  together  accurately 
either  by  planing  or  filing,  and  fastened  together  by  screws 
or  bolts,  two  at  each  end.     The  body  of  the  cast  iron  field 

Fig.  496. 


Cast  Iron  Field  Magnet. 

magnet  should  be  fully  one-half  inch  thick,  and  the  ends 
one  inch  thick. 

The  flanges.  A,  which  confine  the  wire  as  well  as  the 
portions  of  the  magnet  on  which  wire  is  wound,  should  be 
covered  with  thin  cloth  and  shellacked  before  winding. 
The  halves  of  the  magnet  are  wound  separately  in  a  lathe, 
the  ends  being  supported  by  the  centers,  B  B,  as  shown. 

When  the  cast  iron  field  magnet  is  adopted,  the  motor 
may  be  used  as  a  dynamo.  In  this  case,  however,  it  would 
be  advisable  to  use  smaller  wire,  say  No.  20  or  22  on  the 
armature  and  No.  18  on  the  fi.eld  magnet.  It  would  also  be 
well  to  double  the  number  of  coils  on  the  armature,  at  the 
same  time  doubling  the  number  of  convolutions  and  layers, 
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SO  as  to  greatly  increase  the  length  of  the  wire  in  each  sec- 
tion. Where  the  exact  dimensions  of  the  machine  are  not 
known  the  armature  should  be  made  first,  the  field  magnet 
being  adapted  to  the  armature. 

RHEO.STAT. 

Besides  the  carefullY  constructed  resistance  boxes  used 
in  making  electrical  measurements,  the  electrician  requires 
adjustable  resistances  for  heavy  and  light  currents,  which 
need  be  only  approximately  accurate.     These  instruments 

Fir,    497. 


German  Silver  Rheostat. 


are  also  a  necessity  to  the  electro-plater  and  to  users  of 
dynamos  and  batteries  generally. 

Fig.  497  illustrates  a  simple  rheostat  for  heavy  currents. 
It  is  designed  to  be  introduced  into  the  field  magnet  circuit 
or  the  external  circuit  as  circumstances  ma}-  require. 

This  rheostat  consists  of  a  series  of  German  silver  spirals 
arranged  in  a  circle  beginning  at   b  and  ending  at  c.     The 
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lower  end  of  the  first  coil  is  connected  with  the  upper  end 
of  the  second,  the  lower  end  of  the  second  is  connected  with 
the  upper  end  of  the  third,  and  so  on  throughout  the  series. 

On  the  top  of  the  \\rooden  frame  which  supports  the  spi- 
rals is  arranged  a  switch  formed  of  a  series  of  brass  or  cop- 
per blocks  arranged,  in  a  circle  and  separated  from  each 
other  by  a  space,  and  a  swinging  arm  pivoted  at  the  center 
of  the  box  and  carrying  at  its  free  end  contact  springs 
adapted  to  press  upon  the  blocks. 

The  block,  a,  is  isolated  from  the  other  parts  of  the  rheo- 
stat, and  serves  as  a  rest  for  the  switch  arm  when  the  circuit 
is  open.  The  block,  b,  is  connected  electrically  with  the 
upper  end  of  the  first  coil,  and  the  next  block  is  connected 
with  the  top  of  the  second  coil,  and  through  the  straight 
wire  with  the  lower  end  of  the  first  coil.  The  spirals  are 
all  connected  in  this  way. 

The  rear  binding  post  is  connected  with  the  pivot  of  the 
switch  arm,  as  indicated  by  the  dotted  line,  and  the  one  at 
the  front  of  the  frame  is  connected  with  the  block,  b. 

When  the  switch  arm  is  on  the  block,  a,  the  circuit  is 
broken  ;  when  it  is  on  the  block,  b,  the  current  passes  from 
the  farther  binding  post  to  the  switch  arm,  thence  through 
the  block,  b,  directly  to  the  first  binding  post  without  passing 
through  any  of  the  coils.  When  the  switch  arm  is  placed 
on  the  next  block  the  current  passes  downward  through  the 
wire  connected  with  the  lower  end  of  the  first  coil,  then 
upward  through  the  coil  to  the  block,  b,  thence  to  the  bind- 
ing post. 

By  moving  the  switch  arm  forward,  the  contact  springs 
carried  thereby  are  made  to  touch  one  block  after  another, 
thus  introducing  more  resistance  with  each  additional  coil 
included  in  the  circuit. 

The  first  coil  thrown  into  the  circuit  should  be  of  heavy 
wire,  say  No.  14  or  No.  16,  and  the  second,  third,  and  fourth 
should  be  somewhat  smaller.  The  wire  of  the  entire  series 
of  coils  might  be  graduated  to  advantage  if  the  various 
sizes  required  are  available. 

The  resistance  of  German  silver  wire  is  about  ten  times 
that  of  copper.     If    German   silver  wire  cannot  be    conve- 
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nientiy  procured,   iron  wire   may  be   substituted.      In    this 
case  the  coils  will  have  to  be  longer. 

Eisenlohr's  column  of  resistance,  shown  in  Fig.  498,  is 
mexpensive  and  very  convenient.  It  consists  of  a  cylinder 
of  mahogany  or  other  compact  wood,  having  six  or  more 
grooves  cut  in  it.  The  cylinder  is  saturated  with  parafifine 
or  varnished  with  shellac,  and  the  spaces  between  the 
grooves  are  bound  with  brass  bands.  A  little  brass  bar, 
turning  on  a  screw,  is  made  to  extend  from  one  ring  to  the 
other,  as  shown.     These  bars  are  slightly  bent  so  as  to  press 


Resistance  Column 


with  some  force  upon  the  bands.  Covered  wire  of  a  known 
resistance  is  wound  in  these  grooves,  the  shortest  length 
containing  the  given  unit  once  or  an  even  number  of  times. 
The  length  of  the  coils  of  wire  in  the  successive  grof>ves 
increases  from  i  to  6 ;  the  ends  of  each  wire  are  soldered  to 
the  two  nearest  bands,  the  upper  band  being  connected  with 
the  screw,  a,  and  the  lowest  with  b.  When  this  column  is 
inserted  in  a  circuit,  the  current  passes  from  one  ring  to 
another  through  the  bars,  whose  resistance  is  inconsiderable, 
but  when  one  of  the  bars  is  turned  aside,  as  shown  in  the 
engraving,  the  current  passes  through  the  intervening  coil. 
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Coils  of  approximately  i,  2,  3,  6,  12,  and  24  ohms  resist- 
ance ma}-  be  made  by  winding  copper  wire  of  the  sizes  and 
lengths  given  in  the  successive  grooves  as  follows : 

Uhms.  Feet. 

1 37i-  No.  24  Am.  W.  G. 

2 75     No.  24 

3 28     No.  30 

4 37i  No.  30 

6 56  No.  30 

12 70-^  No.  32 

24 140^  No.  32 


SIMPLE    ELECTRIC    LAMP. 

Fig.  499  represents,  full  size,  a  very  simple  and  easily 
constructed  apparatus  for  producing  an  electric  light  on 
a  small  scale  for  temporary  use.  To  the  center  of  the 
wooden  base  is  attached  a  vulcanite  standard,  to  one  side  of 
which  a  spring  carbon  holder  is  secured  by  the  binding 
post,  which  screws  into  the  standard.  Two  brass  ears,  hav- 
ing apertures  for  receiving  the  pivots  of  the  upper  carbon 
holder,  are  secured  to  the  upper  end  of  the  vulcanite  stand- 
ard. 

B}-  placing  in  the  U-shaped  loop  at  the  end  of  each 
holder  a  small  pencil  of  battery  carbon,  and  adjusting  the 
holders  so  that  the  points  of  the  carbons  touch,  and  connect- 
ing the  instrument  with  the  battery  shown  in  Fig.  394,  a 
small  but  very  brilliant  light  will  be  produced. 

As  the  points  burn  away  the  upper  carbon  moves  down- 
ward of  its  own  gravity.  The  contact  of  the  points,  which 
should  be  light,  is  regulated  by  a  movable  weight  on  the 
straight  end  of  the  pivoted  holder.  A  small  arc  is  formed 
by  the  repulsion  of  the  upper  carbon  by  the  current. 

MODIFICATION     OF     THE   REYNIER  AND   WERDERMAKN 
ELECTRIC    LAMP. 

In  the  Reynier  and  Werdermann  systems  of  electric 
lighting,  the  light  is  produced  by  the  incandescence  of  a 
slender  pencil  of  carbon  and  by  a  small  voltaic  arc  between 
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the  end  of  the  pencil  and  the  carbon  block  forming  one  of 
the  electrodes.  In  the  Reynier  system  the  carbon  block  is 
in  the  form  of  a  wheel  that  revolves  slowly  by  contact 
with  the  end  of  the  carbon  pencil.  In  the  Werdermann 
system  the  carbon  block  is  stationary.  In  both  systems  the 
pencil  is  carried  forward  as  it  is  consumed,  by  gravity  of  a 


Fig,  499. 


Simple  Electric  Lamp. 


simple  weight  or  of  the  parts  of  the  lamp  and  the  pencil ; 
and  Mr.  Reynier,  in  a  recent  description  of  his  lamp,  pro- 
poses to  employ  hydrostatic  pressure  as  a  means  of  carry- 
ing forward  the  pencil.  This  principle  has  been  applied 
to  feeding  carbons  in  several  forms  of  electric  lamp. 

The  lamp  shown  in  Fig.  500  embodies  the  principle  of 
the  Werdermann  and  the  Reynier,  and  the  carbon  pencil 
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is  carried  upward  b}-  a  float  which  creates  the  required 
pressure  between  the  electrodes  and  presents  a  ready  means 
of  moving  the  carbon  with  a  gentle,  continuous  pressure. 
This  lamp,  with  appropriate  battery  power,  will  give  a  light 
equal  to  at  least  two  five-foot  gas  burners. 

The  test  tube,  which  contains  the  water  and  the  cork 
float,  is  9  inches  high  and  about  i  ^  inch  in  diameter.  From 
the  base  rise  two  wires,  which  are  formed  into  a  circular  loop 
at  the  top  for  receiving  the  carbon  button  forming  one  of 
the  electrodes.  This  carbon  button  is  circular  and  some- 
what convex,  and  is  held  in  place  by  simply  crowding  it  into 
the  loop.  It  is  arranged  eccentrically  in  relation  to  the  top 
of  the  test  tube,  to  admit  of  turning  it  so  as  to  present  a 
new  surface  to  the  end  of  the  carbon  pencil,  and  it  is  in- 
clined so  that  the  upward  pressure  of  the  carbon  pencil  will 
insure  a  contact  between  the  button  and  the  pencil  and 
between  the  pencil  and  the  small  carbon  block  below  and  in 
front  of  the  button.  This  block  is  inserted  in  the  coil 
formed  on  the  end  of  the  wire  which  extends  over  the  side 
of  the  test  tube  and  downward  to  the  base,  where  it  is  con- 
nected with  one  of  the  batter}^  wires. 

The  looped  wire  that  supports  the  carbon  button  and  the 
wire  supporting  the  carbon  block  are  inserted  in  the  base, 
and  form  a  support  for  the  test  tube. 

The  carbon  pencil  is  yV  inch  in  diameter  and  9  inches 
long.  The  cork  that  buoys  it  up  has  in  its  center  a  small 
tube  for  receiving  the  lower  end  of  the  carbon  pencil ;  for 
this  tube  a  small  quill  answers  well. 

The  carbon  button  and  the  carbon  block  are  cut  from  a 
hard  piece  of  battery  carbon  or  from  a  piece  of  gas  retort 
carbon. 

The  test  tube  is  nearly  filled  with  water,  which  bears  up 
the  cork  float  and  brings  the  upper  end  of  the  carbon  pen- 
cil into  contact  with  the  carbon  button  ;  the  pressure  of  the 
pencil  against  the  inclined  surface  of  the  button  throws  the 
pencil  into  contact  with  the  carbon  block,  completing  the 
electrical  circuit. 

This  lamp  is  used  in  connection  with  the  plunging  bat- 
tery shown  in  Fig.  394. 
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CHAPTER  XIX. 

ELECTRIC      LIGHTING. 
THE    ARC    SYSTEM. 


Broadly  speaking,  there  are  but  two  systems  of  electric 
lighting,   the    arc    and    the    incandescent.     Sir   Humphry 


Voltaic  Arc. 

Davy  discovered  in  1809  that,  when  two  carbon  points, 
joined  to  the  terminals  of  a  powerful  batter}^  were  brought 
into  contact  and  then  separated  a  short  distance,  a  flame  was 
produced  between  the  points,  and  the  ends  of  the  carbons 
became  incandescent,  emitting  an  intense  white  light.  This 
arch  of  flame  joining  the  carbon  points  was  called  the  vol- 
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taic  arc.  Since  this  discovery,  the  attention  of  inventors 
has  been  devoted  to  the  production  of  suitable  carbon  rods 
for  the  arc  Hghting,  and  to  methods  of  forming  the  arc,  and 
maintaining  it  at  a  uniform  length. 

There  are  many  varieties  of  arc  lamp,  all  of  which  are 
necessarily  based  on  the  discovery  of  Davy.  There  are  also 
many  kinds  of  dynamo  adapted  to  furnish  currents  to  arc 
lamps,  and  a  large  variety  of  accessories,  such  as  switches, 
cutouts,  resistance  boxes,  current  indicating  and  measuring 
instruments,  by  many  inventors.  It  is  therefore  obviously 
impossible  to  enter  into  a  detailed  description  of  them  all. 
The  United  States  system,  employing  the  Weston  dynamo 
and  lamp,  has  been  selected  as  a  representative  system.  It 
has  been  long  in  successful  use  in  New  York  and  other  cities. 
One  of  its  most  interesting  applications  is  that  of  the  illu- 
mination of  the  New  York  and  Brooklyn  bridge,  where  80 
arc  lamps  are  supplied  with  the  current  from  four  dynamos. 

The  Weston  machine  is  shunt-wound,  i.  e.,  the  current 
divides  at  the  commutator  brushes,  a  part  passing  through 
the  wire  of  the  field  magnet,  the  remainder  supplying  the 
external  circuit.  The  armature,  which  is  of  the  drum  t3'pe,  is 
provided  with  a  sectional  core  consisting  of  soft  iron  disks 
insulated  from  each  other,  and  separated  by  a  small  space. 
Air  is  made  to  circulate  through  the  armature  by  centri- 
fugal action. 

The  winding  of  the  armature  is  similar  to  that  shown  in 
Fig.  462.  Fig.  503  is  a  diagram  of  the  winding.  Here  the 
small  loops  show  the  points  of  attachment  to  the  commuta- 
tor bars.  The  full  lines  represent  the  first  series  of  coils 
wound  on  the  armature.  Each  coil  of  the  first  series  occu- 
pies a  portion  of  two  diametrically  opposite  spaces,  but  it 
will  be  observed  that,  although  each  space  contains  a  coil, 
only  half  of  the  commutator  bars  can  be  c(mnected  with  this 
series.  Therefore,  a  second  series  of  coils  is  placed  upon 
the  armature,  as  shown  in  dotted  lines.  These  coils  are 
arranged  in  the  spaces  at  the  side  of  the  coils  of  the  first 
series,  as  shown  in  Fig.  504 — the  wires  of  the  first  series 
being  represented  by  the  black  circles,  and  those  of  the 
second  series  by  the  white  circles. 
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The  manner  of  connecting  the  terminals  of  these  coils 
with  the  commutator  bars  is  clearl)'  illustrated  in  Fig.  505, 
which  is  a  perspective  view  of  the  end  of  the  armature.    The 


Fig.   503. 


Diagram  and  Cross  Section  of  Weston  Armature. 

beginning  of  one  coil  of  the  first  series,  represented  by  the 
black  lines,  is  connected  with  a  commutator  bar,  and  the 
end  of  the  same  coil  and  beginning  of  the  next  black  coil  are 

Fig.  505. 


Commutator  Connections. 

connected  with  the  second  commutator  bar  in  advance.  The 
coils  represented  by  the  black  lines  are  thus  connected  with 
alternate  bars  of-  the  commutator,  and  in  a  similar  manner 
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Weston  Arc  Lamp. 


the  terminals  of  the 
coils  shown  in  white 
lines  are  connected 
then  with  intermediate 
bars  of  the  commuta- 
tor. 

By  this  arrange- 
ment of  the  coil  ter- 
minals, short-circuiting- 
of  any  coil  is  avoided, 
and  bv  arranging  the 
coils  equally  distant 
from  the  armature 
core,  the  length  of  con- 
ductor in  all  of  the 
coils  is  rendered  prac- 
tically equal,  and  all  of 
the  coils  are  made  to 
pass  through  the  same 
part  of  the  magnetic 
field.  B}'  this  means 
sparking  at  the  com- 
mutator is  avoided, and 
the  efficiency  of  the 
machine    is    increased. 

The  Weston  arc 
lamp  is  shown  in  pers- 
pective in  Fig.  506  and 
in  detail  in  Figs.  507, 
508  and  509.  In  this 
lamp  the  arc  is  some- 
what less  than  one 
thirty-second  of  an  inch 
in  length.  As  com- 
pared with  most  other 
S3'stems  it  is  extremely 
short.  The  arc  in  the 
Brush  svstem  is  nearly 
one  eighth  of  an  inch. 
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The  Weston  system  employs  a  current  of  about  18  amperes. 
The  resistance  of  the  lamp  is  about  one  and  a  half  ohms. 
By  the  use  of  a  heavy  current  a  little  larger  conductor 
is  required,  but  this  disadvantage  is  more  than  counter- 
balanced by  an  increase  in  light,  a  better  color  and  greater 
steadiness.     Another  advantage  of    the  short  arc  system  is 


Fig.   507. 


Fig.   508. 


I^M^iife?^£ 


Feedinsj  Mechanism  of  the  Wcstun   Arc   L:inii). 

the  decreased  liability  of  iiiinry  ti)  persons  C(.)ming  in  contact 
with  the  conductors. 

In  Fig.  506  is  shown  a  duplex  or  double  carbon  lamp 
designed  for  all-nio;ht  burnino-.  The  regulation  of  the  arc  is 
effected  in  this  lamp  by  a  single  electro-magnet,  D  D,  \vhich 
feeds  both  sets  of  carbons,  and  is  differentially  wound  with 
two  sets  of  coils,  one  of  coarse  wire,  which  is  included  direct- 
ly in  thearccircuit,  the  other  of  fine  wire  placed  in  a  derixed 
circuit  of  high  resistance.     This  arrangement   of   high  and 
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Fig.   5og. 


low  resistance  coils  in  the  lamp  is  necessary  to  adapt  it  for 
use  in  series. 

The  lower  terminal  of  the  coarse  wire  helix  is  electrically 
connected  with  both  upper  carbon  carriers,  and  the  current 
and  feeding  mechanism  are  shifted  simultaneous!}'  at  the 
proper  time  to  the  second  set  of  carbons  by  the  shifting 
magnet  M,  included  in  a  derived  circuit  of  high  resistance. 
The  shifting  lever  C  carries  Avedge-shaped  slides  li,  li' ,  which 
are  inserted  under  the  ends  of  one  clutch  or  the  other,  so  as 

to  trip  it  and  prevent 
it  from  further  engage- 
ment with  its  rod. 

While  the  first  set  of 
carbons  is  burning,  the 
circuit  of  the  magnet  M 
is  open.  The  upper  car- 
bon R  of  the  second  set 
is  held  up  by  the  hook  L, 
and  the  shifting  lever  is 
locked  in  the  proper  posi- 
tion to  lift  the  first  clutch 
free  and  trip  the  second. 
When  the  first  set  of  car- 
bons is  consumed,  the 
circuit  of  the  magnet  M 
is  completed  bj-  a  stop  H 
f)n  the  upper  rod  R  com- 
ing into  contact  with  the 
guide  K,  and  the  shifting 
magnet,  drawing  up  its  armature  G,  lifts  the  detent  from 
the  lever  C,  allowing  it  to  swing  off,  and  at  the  same  time 
reverse  the  positions  of  the  slides  under  the  clutches,  and 
release  the  upper  carbon  of  the  second  set. 

As  the  upper  carbon,  R',  of  the  first  set  is  supported  out 
of  contact  with  its  lower  carbon  by  the  stop,  the  current  is 
diverted  to  the  second  set  of  carbons  as  soon  as  they  come 
into  contact,  and  the  feeding  magnet  now  works  the  second 
clutch  instead  of  the  first.  This  is  done  instantaneously,  so 
that  no  flicker  in  the  light  is  noticeable. 


Plan  View  of  Feeding  Mechanism. 
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Fig.  510. 


The  feeding  mechanism  of  the  single  lamp  is  the  same  as 
that  of  the  duplex  lamp,  omitting  the  duplicate  parts  and 
the  shifting  mechanism. 

It  is  necessary  that  the  electro-motive  force  of  the  arc- 
light  machine  should  be  variable  within  wide  limits,  to  adapt 
the  current  to  a  varying  number  of  lights.  In  this  kind  of 
illumination  the  current  remains  constant,  while  the  electro- 
motive force  varies  from  that  required  for  the  operation  of 
a  single  arc  lamp  to  that  necessary  to  overcome  the  resist- 
ance of  all  of  the  lamps  and  other  resistance  in  the  circuit. 

It  is  obviously  imprac- 
ticable to  regulate  the  elec- 
tro-motive force  by  chang- 
ing the  speed  of  the  dynamo. 
In  the  Weston  system  this 
is  effected  by  introducing 
resistance  into  the  field 
magnet  circuit.  The  rheo- 
stat shown  in  Fig.  510  is 
introduced  into  the  field 
magnet  circuit,  as  shown  in 
the  diagram.  Fig.  511.  By 
turning  the  lever  of  this 
rheostat  any  amount  of  re- 
sistance may  be  put  in  the 
field-magnet  circuit,  thus 
varying  the  amount  of  cur- 
rent used  to  excite  the  field  Rbeostat. 
magnet,  consequently  varying  the  electro-motive  force  of 
the  dynamo. 

The  Weston  dynamo,  however,  does  not  require  adjust- 
ment for  every  change  of  resistance  in  the  lamp  circuit.  It 
being  a  shunt-wound  machine,  the  current  will  be  properly 
apportioned  to  the  external  and  internal  circuits  in  accord- 
ance with  the  resistance  offered  by  the  external  circuit. 
When  only  a  single  lamp  is  in  operation,  the  resistance  will 
be  only  one  and  one  half  ohms,  as  already  stated,  conse- 
quently the  current  will  be  divided  in  proportion  to  the 
resistance  of  the  external  and  internal  circuits,  so  that  very 
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little  current  will  pass  through  the  field-magnet  circuit,  and 
the  electro-motive  force  will  be  proportionately  small ;  but 
when  the  resistance  of  the  external  circuit  is  increased  by  the 
switching  in  of  additional  lamps,  more  of  the  current  will  be 
diverted  to  the  field  magnet,  thereby  increasing  its  strength, 
consequently  raising  the  electro-motive  force. 

Fig.  511  shows  a  number  of  arc  lamps  in  series.  The 
lamp  resistance  of  this  circuit  is  in  direct  proportion  to  the 
number  of  lamps  switched  in  at  any  time. 

Fig.   511. 


Diagram  of  Arc  Light  Circuit. 


In  this  diagram  the  external  circuit,  AA,  including  the 
lamps,  proceeds  from  the  binding  posts,  which  are  directly 
connected  with  the  commutator  brushes  by  wires,  bb.  The 
terminals  of  the  field  magnet  wire  are  connected  with  the 
binding  posts  by  wires,  aa.  It  will  thus  be  seen  that  the 
current  taken  by  the  brushes  from  the  commutator  is  divided 
at  the  binding  posts,  passing  from  one  brush  through  the  two 
routes  open  to  it  and  returning  to  the  other  brush. 

The  field-magnet  circuit  is  interrupted  between  the  two 
upper  coils  and  wires,  B,  connected  with  the  coil  terminals 


ELECTRIC    LIGHTING.  527 

and  with  the  rheostat.  This  arrangement  permits  of  in- 
troducing any  required  amount  of  resistance  in  the  field 
magnetic  circuit,  thus  controlling  the  E.  M.  F.  of  the 
machine. 

The  Weston  dynamo  is  also  perfectly  adapted  to  incan- 
descent lighting.  With  a  constant  speed  the  regulation  of 
the  current  is  automatic. 

INCANDESCENT   LIGHTING. 

The  arc  light  is  specially  adapted  to  the  illumination  of 
streets  and  large  open  or  closed  areas ;  but  it  cannot  be  suc- 
cessfully applied  to  lighting  in  a  small  way  like  gas  or  oil. 
The  incandescent  S3^stem  permits  the  subdivision  of  the 
current,  and  consequently  of  the  light,  to  any  degree. 

While  lighting  by  incandescence  had  been  the  subject 
of  much  thought  and  experiment  by  different  inventors, 
undoubtedly  Mr.  Edison  was  the  first  to  produce  a  commer- 
cially successful  system  of  incandescent  lighting.  The  suc- 
cess of  the  system  depends  upon  two  principal  features,  the 
vital  one  being  the  high  resistance  lamp,  by  means  of  which 
any  degree  of  subdivision  of  the  current  is  rendered  pos- 
sible ;  the  other  being  the  system  of  electric  distribution 
by  which  the  current  is  furnished  as  required  to  each  lamp. 
The  construction  of  the  lamp  is  clearly  shown  in  Fig.  512,  in 
which  parts  are  broken  away  to  show  the  internal  construc- 
tion. The  description  of  the  several  parts  of  the  lamp 
appears  on  the  page  with  the  illustration.  The  glass  globe  is 
exhausted  so  as  to  remove  as  nearly  as  possible  all  of  the  air, 
thus  preventing  the  burning  of  the  carbon.  The  filament 
which  yields  the  light  consists  of  a  carbonized  strip  of 
bamboo  of  the  size  of  a  horse  hair.  The  diameter  and 
length  of  the  filament  varies  with  the  candle  power  required 
and  with  the  strength  and  voltage  of  current  used  to  operate 
the  lamp.  The  standard  16  candle  power  lamp  when  hot 
has  a  resistance  of  168  ohms  and  requires  a  current  having 
an  E.   M.   F.   of    100   volts;   and,  according   to    Ohm's  law 

(E            X     100  6 

—  =  C  y =—  0'595,  or  about  —  ampere.      In  practice 
R           /    168  10 
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Fig.  512. 
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the  circuit  has  a  certain  amount  f)f  resistance  which  must  be 
included  in  this  calculaticm.     CalHng  this  2  ohms,  the  total 

100        10 

resistance  will  be  170  ohms,  and  the  current  will  be =  — 

170        17 

ampere.     Now  by  introducing  500  lamps  into  the  circuit  the 

Fig.  513. 


Th<    tdisjn   Dynamj 


resistance  will  be  reduced  to  —  its  former  value,  since  the 

500 

170 
current  has  500  paths  instead  of  one  ; —  0-34  ohm.     The 

500 

100 

E    M    F.  divided  by  this  resistance  =  294-1    amperes. 

0-34 
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This  amount  divided  among  500  lamps  =^  -5882   ampere  per 

10 
lamp,  equivalent  to  — ,  as  in  the  case  of  the  single  lamp.     It 

17 
is  thus  seen  that  with  a  constant  electro-motive  and  a  current 
of    var3ang   strength    an}-   number  of  lamps  within   certain 
limits  mav  be  operated  on  the  same  circuit. 

The  Edison  dynamo  shown  in  Fig.  513  has  a  drum  arma- 
ture much  like  that  of  the  Weston  machine.  It  differs  how- 
ever from  that  armature  in  having  an  odd  number  of  com- 
mutator bars  and  in  having  an  armature  core  built  up  of 

Fig.   514. 


Edison's  S3-stem  of  Regulating. 


thin  disks  of  soft  iron  insulated  from  the  shaft  and  separated 
from  each  other  by  paper. 

Fig.  514  illustrates  the  method  of  regulating  the  Edison 
dynamo.  The  machine  is  shunt-wound,  and  a  variable 
resistance,  R,  is  introduced  into  the  field,  magnet  circuit. 
Whenever  the  current  rises  or  falls  below  the  normal,  the 
switch  arm  of  the  rheostat  is  moved  by  hand  in  one  direction 
or    the   other,  thus   controlling  the   excitation  of   the  field 


magnet. 


In  this  diagram  (Fig.  514)  is  shown  the  old  method  of 
connecting  the  lamps,  L,  in  the  external  circuit.     Each  lamp 
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is  connected  with  both  of  the  main  conductors  or  with  wires 
connected  with  the  main  conductors.  When  connected  in 
this  way  they  are  in  parallel  circuit,  and  in  this  case  when 
one  lamp  fails  the  others  are  not  affected.  Where  several 
lamps  are  connected  in  series  and  the  series  are  connected  in 
parallel,  if  one  lamp  of  a  series  should  fail,  the  other  lamps  of 
the  series  would  be  useless  without  some  device  for  auto- 
matically throwing  into  the  circuit  a  resistance  equivalent  to 
that  of  a  lamp,  thus  maintaining  the  same  resistance  in  the 
circuit. 

When  the  Edison  electric  circuit  is  arranged  as  shown  in 

Fig.   515. 
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Edison  Three-Wire  System. 

Fig.  514,  the  conductors  to  carr}'  the  current  economically 
must  necessarily  be  large,  and  there  is  a  relation  between 
the  cost  of  copper  in  the  circuit  and  the  waste  of  energy 
in  overcoming  resistance  which  cannot  be  disregarded. 
The  iirst  cost  of  conductors  is  a  large  item  in  incandescent 
hghting.  In  some  circuits  there  is  eccjnom)'  in  reducing  the 
size  of  the  conductor  and  increasing  the  current.  In  the 
three-wire  system  illustrated  in  Fig.  515  a  saving  of  25  per 
cent,  in  copper  is  made.  Two  dynamos,  D^  D-,  are  re- 
quired. The  negative  terminal  of  dynamo,  D',  is  connected 
with  the  positive  terminal  of  the  dynamo,  D',  by  the  wire, 
a.     These  conductors  are  connected  with  the  two  dynamos 
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as  follows :  Conductor,  b,  is  connected  with  the  positive 
brush  of  dynamo,  D^  ;  conductor,  c,  is  connected  with  the 
wire,  a,  and  conductor,  d,  is  connected  with  the  negative 
brush  of  dynamo,  D-  ;  a  number  of  lamps,  L,  are  connected 
with  the  conductors,  /',  c,  and  lamps,  L\  are  connected  with 
the  conductor,  c,  d.  The  central  conductor,  l\  acts  as  a  re- 
turn for  the  first  dynamo  and  a  lead  for  the  second 
dynamo.  When  the  number  of  lamps  between  the  con- 
ductors, b,   c,  and    c,    d,  is  equal,   no    current  passes   along 


Fig.  516. 


Edison  Current  Meter. 


the  conductor,  c, 
either  from  or  toward 
the  lamps  or  dj-namos, 
and  under  these  cir- 
cumstances the  con- 
ductor, c,  might  be 
disconnected  from  the 
dynamos  without  in 
any  way  affecting  the 
results  ;  but  when  the 
two  'groups  of  lamps 
differ  in  number,  the 
difference  of  current 
will  be  carried  by  the 
central  or  compensat- 
ing conductor. 

When  two  dynamos 
are  combined  on  this 
plan,  these  conductors 
take  the  place  of  four 


connected  up  according  to  the  two-wire  system. 

The  amount  of  current  used  by  each  consumer  is  meas- 
ured by  the  current  meter  shown  in  Fig.  516.  The  ap- 
paratus is  dependent  upon  electrolytic  action.  Two  glass 
cells  placed  in  the  meter  casing  contain  zinc  sulphate  in 
solution.  In  each  cell  are  immersed  two  amalgamated 
zinc  plates,  each  pair  being  connected  up  in  a  shunt  to  the 
main  circuit.  These  connections  are  arranged  so  that 
ttVtt  o^  the  main  current  passes  through  one  cell,  and  one 
tenth  of  this  amount,  or  yjlj^    of  the  whole  current,  passes 
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through  the  other  cell.  The  amount  of  zinc  deposited  on 
the  negative  plate  is  the  basis  of  the  measurement.  The 
negative   zinc    of  the  cell  in  the  circuit  of  low  resistance  is 


removed  and  weighed  monthly  by  an  inspector,  while  the 
corresponding  plate  of  the  high  resistance  circuit  is  re- 
moved less  frequently  and  weighed  by  another  inspector, 
thus  guarding  against  mistakes.  The  meter  is  provided  with 
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an  electric  lamp,  arranged  in  the  lower  part  of  the  casing, 
and  with  a  thermostat  which  completes  the  electrical  cir- 
cuit through  the  lamp  when  the  temperature  of  the  meter 
falls  below  the  prescribed  limit.  The  incandescent  carbon 
furnishes  the  heat  required. 

In  Fig.  517  is  illustrated  the  interior  of  the  Edison  cen- 
tral lighting  station  at  Harrisburg,  Pa.  The  dynamos  are 
driven  by  belts  directly  from  the  fly-wheels  of  high-speed 
engines.  In  some  lighting  stations,  dynamos  very  much 
larger  than  those  here  shown  are  employed.  Their  arma- 
tures are  mounted  upon  the  crank  shafts  of  high-speed 
engines.  Some  of  these  armatures  weigh  over  four  tons 
and  require  130  horse  power  each  to  drive  them. 


ALTERNATING    CURRENT    SVSTEM. 

In  this  system  the  lamps  are  supplied  with  a  secondary 
alternating  current  produced  in  an  induction  coil  by  a  pri- 
mary current  from  an  alternating  dynamo.  The  primary 
current  has  an  electro-motive  force  of  1,000  to  1,100  volts, 
while  the  secondary  current  has  an  electro-motive  force  of 
only  50  volts.  The  induction  coil  used  to  convert  currents 
of  high  E.  M.  F.  to  currents  of  low  E.  M.  F.  has  received 
different  names  in  different  systems.  In  one  it  is  a  second- 
ary generator,  in  another  a  transformer,  and  in  another — the 
one  here  described — it  is  known  as  a  converter. 

The  current  of  high  E.  M.  F.  may  be  economically  trans- 
mitted to  points  far  distant  from  the  generating  station, 
where  they  may  be  used  to  induce  currents  of  lower  E.  M. 
F.  adapted  to  incandescent  lighting. 

The  Westinghouse  system,  which  is  illustrated  in  the 
accompanying  engravings,  has  been  largely  introduced, 
both  in  this  countrj'  and  Europe.  The  djniamo  used  in  this 
system  is  the  invention  of  Mr.  Stanly.  It  is  shown  in  Figs. 
5x8  and  519,  the  first  being  a  side  elevation,  he  second  a 
front  sectional  elevation. 

Upon  the  bed  plate.  A,  is  adjustably  mounted  the  frame, 
B',  of  the  field  magnet.  This  may  be  moved  longitudinally 
on  the  base  by  means  of  the  screw,  c,  provided  with  the 
handwheel,  C.     Sixteen  magnet    cores,/,  project  inwardly 
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from  the  magnet  frame,  B,  on  radial  lines  meeting  in  the 
axis  of  the  armature.  The  field  magnet  coils  are  placed 
on  the  cores,/,  and  secured  by  collars,  g.  The  field  magnet 
is  excited  by  a  direct  current  from  a  separate  machine. 

The  field  magnet  connections  are  made  so  as  to  produce 
N  and  S  poles  alternately,  entirely  around  the  circle  of  the 


magnet. 


Fig.   518. 


Side  View  of  the  Westingliouse    Dynamo. 


The  core  of  the  armature  of  this  machine  consists  of 
a  cylinder  built  up  of  disks  of  thin  sheet  iron,  insulated  from 
each  other  and  clamped  firmly  together.  Around  tiie  cir- 
cumference of  the  cylindrical  core  are  arranged  ffat  coils  of 
wire,  one  layer  deep.  These  coils  are  thoroughly  insulated 
from  the  core  and  provided  on  the  outer  side  with  an  insu- 
lating covering  of  mica. 
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The  ends  of  these  coils  bend  down  over  the  sides  of  the 
core  and  are  clamped  by  annular  plates.  The  coils  are  con- 
fined in  position  on  the  periphery  of  the  armature  by  wind- 
ings of  piano  wire. 

The  arrangement  of  the  coils  of  the  armature  is  shown 
diagrammatically  in  Fig.  520.  It  will  be  seen  that  the  coils 
are  wound  alternately  in  opposite  directions,  and  that  there 

Fig.  519. 


Front  Elevation  of  Dynamo. 

are  only  two  terminals  for  the  entire  series  of  coils.  These 
are  connected  with  two  rings  carried  by  the  armature  shaft, 
but  insulated  from  it  and  from  each  other.  A  collector 
brush  touches  each  ring.  The  conductors  that  convey  the 
current  are  connected  w-ith  these  brushes.  As  the  armature 
coils  approach  the  magnet  poles  a  current  is  set  up  in  them 
in   one  direction,  which  is  reversed  as  the   coils    leave  the 
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magnet  poles  and  approach  the  next  poles  of  the  series, 
which  are  of  a  different  name.  These  reversals  of  the  cur- 
rent occur  with  great  rapidity.  The  converter,  which  is  the 
essential  feature  of  the  system,  is  shown  in  one  form  in  Fig. 
521.  This  is  a  reversed  induction  coil,  /.  c,  its  primary  wire 
is  small  and  of  great  length,  Avhile  its  secondary  is  large  and 
comparatively  short. 

This  converter  is  formed  of  two  oblong  coils  of  insulated 
wire  in  which  are  inserted  the  tongues  of  E-shaped  pieces  of 

Fig.  520. 


Diagram  of  Armature  Coils  and  Connections. 


sheet  iron  from  opposite  sides  of  the  coil,  so  that  the  parallel 
'arms  of  the  E's  overlap  each  other  within  and  without  the 
coil.  A  more  recent  arrangement  of  the  iron  plates  is  shown 
in  Fig.  522,  which  is  a  tranverse  section  of  the  converter 
now  used.  The  plates  are  formed  of  a  single  piece,  with  the 
central  tongue  separated  by  slits,  //.  The  wings,  fi  fy,  thus 
formed  are  bent  backward  toward  the  ends  of  the  plate 
while  it  is  being  inserted  in  its  place  in  the  coil.  They  are 
afterward  returned  to  their  original  position. 
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These  plates  alternate  in  position  so  as  to  "  break  joints." 
All  plates  used  in  converters  are  covered  upon  one  side 
with  paper  to  prevent  the  circulation  of  Foucault  currents 
in  the  core. 

The  converter  is  contained  in  a  water-tight  cast-iron  box, 
as  shown  in  Figs.  523  and  524.     The  terminals  of  both  coils, 

Fir.   521. 


The   Conveiter. 

P  S,  are  provided  with  fusible  strips,  ^,  for  protecting  the 
circuits,  and  with  pKig  switches,  Ji  i,  for  connecting  and  dis- 
connecting the  wires.  The  fusible  strips  and  switches  are 
protected  by  both  glass  and  metal  covers. 

The   converters    are    commonly    made    in    three    sizes, 
adapted  to  supply  40,  30  or  20,  50-volt,  i6-candle  incandes- 
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cent  lamps  each.  Larger  and  smaller  converters  have  been 
made.  It  is  stated  that  the  efficiency  of  these  converters 
exceeds  95  per  cent,  when  the  E.  M.  F.  is  reduced  from  1,000 
volts  in  the  primary  to  50  in  the  secondary  or  lamp  circuit. 

The  ratio  of  the  number  of  turns  of  wire  in  the  primary 
to  the  number  of  turns  of  wire  in  the  secondary  should  be  as 
the  E.  M.  F.  of  the  primary  to  the  E.  jNf .  F.  of  the  secondary. 

For  example,  if  the  E.  M.  F.  of  the  primary  is  500  volts 
and  the  E.  M.  F.  (jf  the  secondary  is  required  to  be  50  volts, 

Fig.   522. 
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Cross  Section  of  Convfirter. 


the  primary  will  require  ten  times  as  many  convolutions  as 
the  secondary. 

The  relative  arrangement  of  the  primary  coil,  P,  second- 
ary coil,  S,  the  dynamo,  D,  and  lamps,  L,  is  shown  diagram- 
matically  in  Fig.  525. 

In  actual  practice  the  converters  are  arranged  near  the 
building  to  be  illuminated,  on  the  poles  which  support  the 
line  wires,  as  shown  in  Fig.  526,  or  they  may  be  placed  on 
the  wall  of  the  building,  in  the  cellar,  or  in  any  other  conve- 
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nient  location.     As  there  are  no  working  parts  in  the  con- 
verter, it  requires  no  attention. 

The  line  wires,  L'L-,  are  connected  with  the  terminals  of 


Fig.  523. 


Fig.  524. 


Front  View  of  Converter. 


Section  of  Converter  and  Casing. 


Fig.  525. 


Diagram  of  Primary  and  Secondary  Circuits. 

all  of  the  primary  coils  of  the  converters,  and  the  service 
wires  are  connected  with  the  terminals  of  the  secondary- 
coils.  The  lamps  are  connected  in  parallel  circuit  as  in  the 
direct  current  system. 
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The  lamps  used  in  connection  with  this  system  are  similar 
to  that  shown  in  Fig.  512;  but  in  this  case  the  high  resist- 
ance filament  is  heated  to  incandescence  by  a  rapidly  alter- 
nating current  instead  of  a  direct  current. 

THE    STORAGE    BATTERY    SYSTEM. 

An  important  method  of  distributing  the  electric  current 
for  illumination  and  other  purposes  is  that  in  which  storage 
or  secondary  batteries  are  employed.  In  one  respect  this 
system   has  the  advantage  over  all  others,  i.  c,  in   having  a 

Fig.   526. 
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Diagram  of  Lighting  Circuits. 

reserve  of  electrical  energy  which  is  available  at  any  time 
without  dependence  upon  machinery  of  any  sort. 

A  storage  battery  cell  is  a  chemical  source  of  electric 
energy  of  such  a  composition  that,  when  exhausted  by  its 
direct  action  upon  an}'  translating  device,  such  as  an  electric 
light,  it  can  be  regenerated  or  brought  back  to  its  former 
condition,  by  the  direct  action  upon  itself  of  an  independent 
source  of  electric  energy. 

There  is,  in  reality,  no  such  thing  as  the  storage  of  elec- 
tricity, but  what  really  takes  place  is  a  storage  or  accumu- 
lation of  chemical  energy  or  power  fordoing  chemical  work, 
electrical  manifestations  being  one  of  the  results  of   such 
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chemical  work.  A  storage  cell  is  one  in  which  such  chemical 
energy  can  be  stored  up  b}-  electrical  action,  and  which  will 
3'ield  an  electric  current  when  such  chemical  energ}-  is 
permitted  to  do  work.  An  aggregation  of  cells,  called  a  sec- 
ondary or  storage  batter_y,  affords  another  means  for  the 
extended  and  economical  distribution  of  electricit3%  and  a 
system  using  such  a  battery  as  a  source  of  electric  energy 
may  properly  be  called  a  storage  system.  It  consists  in  its 
simplest  form  of  a  generator  of  electricity,  a  set  of  storage 
cells  or  battery,  and  suitable  translating  devices  such  as 
electric  lamps.  The  batter}'  is  acted  upon  by  the  generator 
of  electric  energy  until  it  is  charged  or  until  it  is  put  in  a 
condition  to  do  chemical  work.  The  generator  may  be 
quite  weak  and  irregular  in  action,  and  the  time  taken  to 
act  upon  the  storage  cells  may  be  of  long  duration,  but 
sooner  or  later  the  battery  will  be  charged  or  stored,  when 
it  is  ready  to  give  up  in  its  turn  electric  energy. 

The  charging  current  is  discontinued  and  the  batter}- 
connected  with  the  translating  devices  and  allowed  to  do 
electric  work  until  exhausted,  when  the  cycle  of  operations 
just  described  is  repeated,  and  this  may  be  continued  indefi- 
nitely. 

It  will  readily  be  seen  that  by  this  means  any  source  of 
power,  no  matter  how  weak  or  intermittent,  may  be  made 
use  of  to  store  up  chemical  energy  in  such  a  way  that  it  can 
be  made  a  powerful  and  steady  electric  current,  which  is 
ready  for  instant  use  at  any  time.  These  operations  may 
take  place  at  widely  separated  places,  the  generator  being 
at  one  place,  the  battery  at  another,  and  the  translating 
devices  at  another ;  these  separate  parts  being  located  where- 
ever  most  desirable  or  convenient.  Such  a  system  as  this 
admits  of  great  flexibility,  and  can  be  used  under  very 
adverse  circumstances,  where  other  and  more  direct  systems 
would  be  practically  useless.  In  actual  practice  such  a  sys- 
tem consists  generally  of  a  central  generating  station,  fur- 
nished with  the  necessary  electric  generators,  which  may  be 
of  any  approved  form,  suitable  for  the  charging  of  storage 
batteries.  Here  also  are  located  the  boilers  and  engines  and 
all  the  apparatus  used  in  controlling  and  governing  the  dis- 
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tributioii  of  the  electric  current.  At  this  point  all  the  dis- 
tributing circuits  center  at  a  connmon  switchboard.  The 
station  also  contains  the  automatic  regulators  and  safety 
devices.  From  this  point  the  charging  circuits  lead  to  the 
storage  batteries  at  different  places.  These  may  be  at  an)- 
point  where  it  is  desired  to  use  the  electric  current  and  at 
any  distance  from  the  generating  station.  They  may  be 
located  in  any  convenient  position  in  the  cellar  of  the  build- 
ings or  outside  in  the  yards,  or,  in  fact,  wherever  it  is  most 
convenient  to  place  them. 

At  these  points  are  located  switches,  indicators,  and 
safety  devices  for  controlling  the  charge  and  discharge 
of  the  storage  cells,  and  from  these  points  are  carried  the 
conductors  which  connect  Avith  the  translating  devices  and 
distribute  the  electric  energy  whenever  needed.  Each  build- 
ing is  also  furnished  with  an  electric  meter  which  records 
the  amount  of  current  used,  just  as  gas  is  registered. 
When  the  charging  of  the  batteries  has  been  accomplished, 
the  batteries  are  cut  out  from  the  charging  circuits,  and 
each  set  then  becomes  a  source  of  electric  energy  in  itself, 
isolated  and  independent.  In  this  way  large  areas  separated 
by  long  distances  can  be  successfully  and  economicalh^  fur- 
nished with  electric  energy  from  one  central  point  or  station, 
with  a  minimum  expenditure  of  capital  for  buildings,  appa- 
ratus, conductors,  etc. 

The  secondary  battery  originated  by  Plante  has  been 
improved  by  Faure,  Julien,  and  others.  One  of  the  most 
successful  of  these  improved  batteries  is  that  invented  by 
Mr.  E.  R.  Knowles,  and  largely  used  in  the  illumination  of 
stores,  dwellings,  etc.  It  has  been  extensively  introduced  in 
Brooklyn,  N.  Y.,  and  in  other  places. 

In  the  description  of  the  details  of  this  system,  it  will  be 
unnecessary  to  go  into  particulars  regarding  the  dynamo  and 
motive  power.  Almost  any  dynamo  will  answer  the  pur- 
pose. Usually  the  dynamos  of  arc  light  stations  are  em- 
ployed during  the  day  in  charging  the  batteries,  thus  per- 
mitting of  the  largest  use  of  the  electric  light  plant.  At  or 
near  the  place  where  the  current  is  to  be  used  is  arranged  a 
storage  battery,  consisting  of  several  series  of  cells  like  that 
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Fig    527. 


Storage  Battery  and  Stand. 
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shown  in  Fig.  527.  This  battery  is  composed  of  a  number 
of  cells  mounted  upon  an  insulated  wooden  stand,  and  con- 
nected up  in  series.  Each  cell  has  an  E.  M.  F.  of  two  volts, 
and  as  many  cells  are  connected  in  series  as  may  be  needed 
to  secure  the  required  voltage. 

Fig.  528  represents  front  and  sectional  views  ui  the 
Knowles  plate. 

This  plate  consists  of  two  halves,  A  A  and  B  B,  one  of 

Fig.  528. 
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Plate  of  Storage  Battery. 


which,  A,  is  cast  with  feet  and  the  connecting  lug.  The 
other  half,  B,  is  cast  with  the  hooks,  H  H,  and  with  edges 
which,  when  the  halves  are  put  together,  are  folded  over  so 
as  to  lock  them  together,  forming  a  complete  plate.  Be- 
tween the  halves  thus  formed  active  material  in  the  form  of 
a  plate  is  placed.  The  active  material  is  compressed  sepa- 
rately in  a  special  mould,  and  made  to  fit  between  the  two 
metal  walls  thus  prepared  for  it.     The  whole  is  bound  to- 
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gether  by  means  of  rivets,  which  pass  through  five  holes,  C 
C.  The  plates  are  perforated  so  as  to  allow  the  electrolyte 
full  access  to  the  active  material,  which,  being  held  in  the 
manner  described,  is  secured  against  dropping  out  or  buck- 
ling.    The  plates  are  cast  of  an  unoxidizable   alloy.     The 

Fig.  529. 


complete  plates  are  assembled  in  the  manner  shown  in  Fig. 
527,  being  held  in  position  by  means  of  flexible  insulating 
rods  passing  through  the  hooks  cast  on  the  alternate  plates 
and  pointing  in  opposite  directions.  The  insulating  rods, 
being  of  elastic  material,  give  flexibility  to  the  cell,  and  thus 
afford  an  additional  safeguard  against  buckling. 
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One  of  the  most  interesting  features  of  lighting  by 
storage  battery  is  the  current  meter,  which  is  to  this  S3'Stem 
what  a  gas  meter  is  to  gas  distribution. 

The  meter  is  provided  with  clockwork,  which  at  stated  in- 
tervals revolves  a  drum  ;  and  this  in  connection  with  a  current 
indicator  operates  a  register  giving  the  number  of  ampere- 
hours  or  lamp-hours  direct.  The  current  indicator  consists 
of  a  solenoid  which  acts  upon  a  magnet  core,  and  shifts  a 
pointer  to  positions  corresponding  to  the  strength  of  the 
current,  the  end  of  the  pointer  passing  in  proximity  to  the 
drum.  I'his  drum,  which  is  rotated  at  stated  intervals  by 
the  clockwork,  has  cut  upon  it  a  series  of  wing^s.  These 
vary  in  length,  the  shortest  varying  but  a  fraction  of  an  inch 
and  increasing  in  length  to  the  other  end  of  the  barrel.  As 
the  drum  is  revolved  the  pointer  will  come  into  contact  with 
a  certain  number  of  these  wings,  depending  upon  its  position 
relative  to  the  drum,  this  being  determined  by  the  strength 
of  the  current  passing  through  the  coil.  If  the  barrel  has  30 
of  these  wings,  the  pointer  when  completely  swung  over,  by 
a  current,  say,  of  30  amperes,  will  make  contact  with  the  30 
wings  of  the  barrel.  At  every  intermediate  position  the 
number  of  contacts  will  be  correspondingly  less,  and  when 
no  current  passes,  the  pointer  will  clear  the  barrel,  so  that  no 
contact  is  made.  Each  contact  made  by  the  pointer  closes 
the  circuit  of  the  magnet  in  the  lower  part  of  the  apparatus 
which  operates  the  register.  If  the  barrel  is  revolved  once 
in  each  hour,  for  example,  the  register  will  indicate  directly 
in  ampere  hours. 

In  order  to  avoid  the  shifting  of  the  pointer  on  the  barrel 
from  its  true  position,  while  the  barrel  is  revolving,  a  mag- 
net is  provided,  which  applies  a  brake  to  the  pointer  spindle 
and  locks  it  during  the  revolution  of  the  drum.  The  barrel 
is  divided  longitudinally  by  a  series  of  lines  corresponding 
to  amperes  or  lamps,  so  that  by  the  position  of  the  pointer 
the  number  of  lamps  or  amperes  can  be  read  off  at  any 
time.  The  lamp  circuit  of  a  storage  battery  is  the  same  as 
that  of  the  direct  current  system  of  incandescent  lighting 
by  dynamos,  or  that  of  the  secondary  of  the  converter  of 
the  alternating  current  system. 
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CHAPTER  XX. 

INDUCTION  BY   ELECTRIC    CURRENTS. 
THE    INDUCTION    COIL. 

Faraday  discovered  in  1832  that  a  galvanic  current  was 
capable  of  inducing  other  currents  in  wires  near  but  not  in 
contact  with  the  conductor  of  the  primary  galvanic  current; 
these  he  named  currents  of  induction,  or  induced  currents. 

Since  the  discovery  of  Faraday,  the  phenomena  of  in- 
duction have  been  exhibited  by  man}'  forms  of  apparatus ; 
but  the  most  striking  example  of  inductive  action  is  afforded 
by  the  induction  coil,  or  inductorium. 

In  Fig.  448  is  illustrated  a  method  of  producing  currents 
in  a  coil  by  inserting  a  permanent  magnet  into  the  coil  and 
removing  it  therefrom.  In  the  induction  coil  an  electro- 
magnet is  arranged  permanently  within  a  coil  of  fine  wire, 
and  the  inductive  effect  is  secured  by  intermitting  the  cur- 
rent in  the  conductor  of  the  electro-magnet.  The  conduc- 
tor of  the  electro-magnet  is  known  as  the  primary  coil,  and 
the  fine  wire  coil  inclosing  the  primary  is  known  as  the  sec- 
ondary coil. 

There  are  two  methods  of  making  an  induction  coil ;  the 
simpler,  cheaper,  and  perhaps  the  best  will  be  described  in 
connection  with  the  accompanying  engravings,  which,  with 
the  exception  of  Fig.  532,  are  exactly  three-eighths  actual 
size,  and  may  be  used  as  working  drawings  from  which  to 
construct  the  instrument.  Fig.  530  is  a  plan  view.  Fig.  531 
is  a  central,  vertical  longitudinal  section.  Fig.  532  repre- 
sents the  under  side  of  the  base,  in  plan,  and  the  condenser 
in  perspective,  and  shows  the  connections. 

The  coil  consists  of  two  portions,  the  inner  or  primary 
and  the  outer  or  secondary.  The  primary  coil,  C,  consists  of 
two  layers  of  No.  16  cotton-covered  copper  wire,  which  is 
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wound  upon  a  spool  composed  of  the  thin  paper  or  wooden 
tube,  A,  and  the  heads,  BB,  which  are  of  vulcanite  or  well 
varnished  hard  wood.  The  tube  is  ^  inch  internal  diameter, 
and  the  heads  have  each  a  central  hole  of  the  same  size. 
These  holes  are  enlarged  or  counterbored  to  receive  the  ends 
of  the  tube.  A,  which  are  glued  or  cemented  therein.  In 
the  head,  B',  there  are  two  small  holes  near  the  large  cen- 
tral hole,  for  the  terminals,  c  d,  of  the  primary  coil.  One 
of  these  terminals  is  put  through  the  head  before  the  wind- 
ing operation  is  begun  ;  the  other,  after  the  winding  is 
finished. 

The  primary  coil  must  now  receive  four  coats  of  mode- 
rately thick  alcoholic  shellac  varnish,  each  coat  being  allowed 
to  become  dry  before  another  is  applied.  When  the  pri- 
mary coil  has  become  thoroughly  dry  and  hard,  it  is  cov- 
ered with  three  or  four  layers,  D,  of  stout  cartridge  paper, 
which  is  fastened  b}^  a  little  gum  along  its  outer  edge.  This 
paper  covering  must  fit  between  the  heads,  BB',  perfectly, 
and  must  be  well  smoothed  and  rounded,  and  varnished  with 
shellac,  taking  care  to  cover  the  joints  at  the  ends,  and  also 
to  varnish  the  inner  faces  of  the  heads.  The  secondary 
coil,  E,  consists  of  two  sections  separated  by  an  insulating 
medium,  G,  which  is  applied  in  the  manner  presently  to  be 
described.  The  coil,  E,  is  of  No.  36  naked  copper  wire ; 
the  two  sections  being  connected  at  H. 

The  winding  is  best  done  in  an  engine  lathe,  the  wire 
being  allowed  to  pass  through  a  fine  guide  in  the  tool  post, 
and  the  screw-cutting  gear  of  the  lathe  being  set  as  for  cut- 
ting a  very  fine  thread.  The  different  convolutions  of  the  wire 
should  be  as  near  together  as  possible  without  touching. 
To  accomplish  the  same  thing  in  an  ordinary  foot  lathe,  a 
piece  of  quite  thin  brass  should  be  bent  together  in  a  U  form, 
and  the  wire  should  be  allowed  to  pass  through  the  channel 
thus  formed  ;  the  thickness  of  the  metal  will  regulate  the 
space  between  the  adjacent  coils  of  wire.  The  winding 
begins  at  the  middle,  leaving  the  terminal,  H.  When  one 
of  the  heads  is  reached,  the  coil  or  layer  formed  is  covered 
with  three  thicknesses  of  quite  thin  writing  paper,  the  edge 
of  Avhich  is  fastened  with  a  little  gum.     The  winding  of  the 
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fine  wire  is  now  continued  toward  the  center  of  the  coil ; 
when  the  second  la3-er  is  complete,  it  is  covered  as  in  the 
case  of  the  first  coil,  when  the  third  is  wound  on,  and  so  on 
until  it  is  about  3|  inches  in  diameter.  The  secondary  wire 
should  not  be  wound  close  to  the  head,  a  space  of  about  ys 
inch  should  be  left.  After  winding  one  of  the  sections  of 
the  secondar}'  coil,  the  other  may  be  proceeded  with,  the 
winding  being  done  so  that  one  section  may  be  wound  as  a 
continuation  of  the  other.  The  inner  terminals  are  con- 
nected at  H,  and  soldered  ;  the  outer  terminals  are  con- 
nected with  the  binding  posts,  F,  which  are  screwed  into  the 
upper  edges  of  the  heads,  BB'.  For  the  sake  of  strength 
the  outer  ends  of  the  secondary  wire  may  be  four  or  six 
sizes  larger  than  that  of  the  coil.  The  outer  layers  of  fine 
wire  are  each  partly  covered  with  a  paper  band,  consisting 
of  six  layers  of  writing  paper,  which  is  wide  enough  to 
reach  from  the  head  over  about  two-thirds  of  the  coil  sec- 
tion ;  the  whole  is  then  enveloped  in  a  wrapper  of  stout 
paper,  having  a  hole  directly  in  the  middle  at  the  top, 
through  which  is  poured  melted  resin  to  which  has  been 
added  a  very  small  quantit}'  of  beeswax. 

This  forms  the  insulating  medium,  G,  which  prevents  the 
spark  from  leaping  from  one  section  of  the  coil  to  the  other. 
After  the  resin  cools,  the  thick  paper  is  removed  and  a  cov- 
ering of  smooth  heav}'  paper  is  neatly  put  around  the  coil, 
and  upon  it  is  wound  as  closely  together  as  possible  com- 
mon smooth-finished  black  thread.  This  latter  is  not  essen- 
tial, of  course,  but  gives  the  coil  an  excellent  appearance 
and  forms  a  really  good  covering.  A  thin  sheet  of  hard 
rubber  or  of  zylonite  forms  a  good  cover. 

In  the  tube,  A,  is  placed  a  bundle,  I,  of  No.  i8  soft  iron 
wires.  They  should  be  straight  and  of  the  same  length,  and 
their  outer  ends  especially  should  be  exactly  even.  The  cen- 
tral hole  in  the  head,  B,  is  stopped  b}^  a  wooden  plug  or  but- 
ton, J.  The  base,  K,  consists  of  a  wooden  box,  neatly  made, 
and  the  size  of  which  may  be  readily  obtained  from  the 
engravings.  The  coil  is  secured  to  the  top  of  the  box,  a  lit- 
tle nearer  one  end  than  the  other,  by  two  screws,  a  b,  which 
pass  upward  into  the  heads,  BB'.     Near  the  head,  B',  there 
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is  a  brass  standard,  c,  to  which  is  secured  one  end  of  the 
spring,  /,  that  supports  the  armature,  /',  exactly  opposite  the 
center  of  the  wire  bundle,  I,  and  about  y^  inch  distant  from 
it.  Opposite  the  middle  of  the  spring-,  /,  and  ^  inch  from 
it,  there  is  a  post,  «,  through  which  passes  the  platinum- 
pointed  screw,  0,  which  touches  a  small  platinum  plate, 
riveted  to  the  center  of  the  spring,  /.  The  post,  n,  is  split 
longitudinally,  and  clamps  the  screw,  o,  with  some  little 
pressure,  to  prevent  it  from  jarring  loose  by  the  vibrations 
of  the  spring,/. 

The  commutator,  L,  consists  of  a  vulcanite  cylinder  on 
which  are  screwed  two  copper  bars,  /  in,  one  of  the  screws 
of  the  bar,  /,  coming  into  contact  with  the  pivot,  g^  and  one 
of  the  screws  of  the  bar,  w,  coming  into  contact  with  the 
pivot,  h.  The  pivots,  g  h,  turn  in  posts,  /  j,  which  spring 
against  the  shoulders  of  the  pivots  to  insure  a  perfect  con- 
tact. The  pivot,  h,  is  elongated  and  provided  with  a  vul- 
canite handle,  /'.  The  binding  posts,  r  s,  are  connected  by 
copper  springs,  p  q,  with  the  copper  bars  on  the  vulcanite 
cylinder. 

In  the  base  of  the  instrument  is  placed  the  condenser,  M, 
which  is  composed  of  sheets  of  thin  tin  foil  alternating  in 
position,  as  shown  in  Fig.  532 — the  ends  of  the  sheets,  O, 
projecting  beyond  the  sheets,  P,  to  the  right,  the  ends  of  the 
sheets,  P,  projecting  beyond  the  sheets,  O,  to  the  left.  The 
sheets,  O,  are  insulated  from  the  sheets,  P,  by  sheets  of 
paper,  N,  which  have  been  coated  with  shellac  varnish  and 
well  dried.  While  the  sheets,  O,  do  not  touch  the  sheets,  P, 
the  latter  are  all  connected  together  at  one  end,  and  are  in 
electrical  connection  with  the  wire,  O.  Similarly  the  sheets, 
O,  are  connected  with  the  wire,  R. 

A  piece  of  pasteboard,  t',  is  placed  upon  each  side  of  the 
condenser  thus  formed,  and  the  whole  is  fastened  together 
by  tape  running  around  it  in  two  directions,  and  the  con- 
denser is  held  in  place  by  bits  of  cork,  w,  which  are  pressed 
by  the  bottom,  X,  when  it  is  in  its  place.  The  condenser 
has  forty  square  feet  of  tin  foil  surface.  The  connections 
are  made  as  follows : 

The  battery  wires  are  connected  with  the  binding  posts. 
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r  s,  the  current  passes  through  the  springs,  /  q,  bars,  /  m, 
pivots,  £■  Ii,  to  the  posts,  i  j.  The  post,  j,  is  connected 
directly  with  the  terminal,  c,  of  the  primary  coil,  C.  The 
post,  /,  is  connected  by  the  wire,  t,  with  the  post,  n,  and  the 
terminal,  d,  of  the  primary  coil  is  connected  with  the  post, 
e.  The  battery  current  passing  through  the  primary  coil 
renders  the  wire  bvindle,  I,  magnetic;  the  armature,  /',  is 

Fig.  532. 


Diagram  of  Condenser  Connections. 

attracted  toward  it,  breaking  the  electrical  connection  at  the 
end  of  the  screw,  o,  when  the  iron  wire  bundle  loses  its 
magnetism,  and  the  armature  flies  back  until  the  spring,  /, 
again  touches  the  screw,  0,  when  the  armature  is  again 
attracted,  and  so  on.  When  the  current  is  broken  in  this 
manner,  if  the  condenser  be  detached,  there  is  a  large  spark 
at  the  end  of  the  screw,  0,  as  the  extra  current  is  discharged 
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from  the  primary  coil,  but  when  the  condenser  is  connected 
by  the  wires,  Q  R,  with  the  posts,  c  n,  the  spark  is  very 
much  decreased  in  intensity,  as  the  extra  current  is  diffused 
in  the  condenser,  and  thus  prevented  from  opposing'  action 
of  the  primary  current. 

The  binding  posts,  F,  have  each  two  holes  and  two  bind- 
ing screws.  One  set  of  holes  receive  the  pointed  rods,  S, 
the  other  the  conducting  wires,  T.  This  coil,  if  carefully 
made,  will,  when  the  current  is  interrupted,  give  a  spark 
It}  inches  long  between  the  points  of  the  two  rods,  S,  by 
using  two  large  Grenet  battery  cells.  The  current  may  be 
reversed  b}^  turning  the  pole  changer  or  commutator,  L, 
through  a  half  revolution,  and  it  may  be  stopped  altogether 
by  turning  the  bars,  /  ;«,  out  of  contact  with  the  springs,/ ^f. 

It  requires  a  little  more  than  a  pound  of  wire  for  both 
sections  of  the  secondar}?  coil,  but,  of  course,  the  quantity 
will  vary  somewhat  with  the  manner  of  winding.  By 
observing  the  proportions  given,  coils  of  other  sizes  may  be 
made  from  these  drawings. 

Another  method  of  construction  consists  in  winding  silk- 
covered  wire  entirel}'  across  the  spool,  and  insulating  each 
la3'er  by  a  coating  of  shellac  and  two  or  three  thicknesses 
of  paper  coated  with  shellac  varnish  or  melted  paraffine.  Still 
another  method  consists  in  making  the  secondary  coil  of  very 
thin  sections,  and  insulating  the  sections  one  from  the  other 
by  disks  of  hard  rubber,  but  the  plan  here  given  is  undoubt- 
edly the  easiest,  and  a  coil  made  in  this  manner  gives  good 
results.  With  it  most,  if  not  all,  of  the  experiments  usually 
performed  with  induction  coils  may  be  accomplished. 

For  example,  it  will  charge  a  Leyden  jar,  decompose 
water,  explode  blasting  cartridges,  light  gas,  exhibit  the 
phenomena  of  electric  light  in  vacuo,  and  may  be  used  in 
many  very  interesting  experiments. 

EXPERIMENTS    WITH    THE    INDUCTION    COIL. 

The  spark  between  the  points  of  the  wires  that  extend 
from  opposite  ends  of  the  coil  toward  its  center  is  of  itself 
interesting.  It  is  in  fact  a  miniature  discharge  of  lightning 
of  which  we  have  entire  control. 
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When  the  points  referred  to  are  as  wide  apart  as  allow- 
able within  the  discharge  limit,  the  sparks  leap  rapidl)-  from 
the  one  point  to  the  other,  giving;  a  vivid  light,  and  appear- 


ing altogether  spiteful.  A  piece  of  paper  or  cardboard 
placed  between  the  points  is  readily  punctured,  and  the  cur- 
rent finds  its  wa}'  through  mica,  the  surface  of  which  it  will 
follow  in  various  directions  toward  the  hole  through  which 
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it  passes,  at  which  point  the  spark  is  very 
sheet  of  mica  about  4x6  inches,  having  upon  one  side 
a  sheet  of  silver  leaf  2X3  inches,  may  be  used  in  some  very 
pretty  experiments.  To  apply  the  silver  leaf  to  the  surface 
of  the  mica,  it  is  only  necessary  to  moisten  the  latter  with 
the  tongue  and  then  lay  on  the  leaf.  When  the  sheet  of 
mica,  thus  prepared,  is  placed,  silvered  side  down,  from  yi 

Fig,  535. 


Rotary  Disk. 


to  ^  inch  from  the  rods,  which  are  connected  with  the  ter- 
minals of  the  secondary  coil — as  shown  in  Fig.  533 — the  spark 
leaps  downward  to  the  mica  surface,  and  then  travels  in  a 
tortuous  route  to  the  vicinity  of  the  point  of  the  other  rod 
and  leaps  upward. 

These  sparks  follow  each  other  in  such  rapid  succession 
that   the    mica   appears    to    have   several    sparks    traveling 
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across  it  at  once,  but  such  is  not  the  case.  Onl}-  a  single 
spark  traverses  the  mica  at  a  time,  the  impressions  of  the 
successive  sparks  being  retained  on  the  retina  a  sufficient 
length  of  time  to  cause  the  several  sparks  to  appear  as  if 
simultaneous.  By  placing  the  mica  plate  in  contact  with 
the  two  rods,  the  spark  ma}^  be  made  to  travel  further  than 
it  would  otherwise.  By  separating  the  rod  somewhat  more 
than  the  length  of  the  spark  and  placing  the  mica  from  Jg 
to  14.'  inch  below  it,  the  current  will  be  diffused  over  the 
mica  surface  in  radial  purple  streams.  When  one  of  the 
rods  is  allowed  to  project  considerably  over  the  silvered 
portion  of  the  mica,  and  the  other  is  allowed  to  project  over 
it  but  very  little,  as  shown  in  Fig.  534,  the  current  escapes 
to  the  mica  surface  in  purple  streams  and  is  p 

diffused  in  all  directions. 

When  a  piece  of  glass  is  placed  between 
the  points,  the  spark  will  be  deflected  and 
pass  around  the  edge  of  the  glass.  When  a 
candle  flame  is  placed  near  the  path  of 
the  spark,  this  diverges  toward  the  flame. 
The  current  will  travel  in  all  directions 
over  a  surface  sprinkled  with  an}?  finely 
divided  metal,  and  will  deflagrate  some  of 
the  particles  of  the  metal. 

By  connecting  a  wire  with  one  terminal  Experiments  with 
of  the  secondary  coil,  and   allowing  its  free  ^^ 

end  to  dip  in  a  glass  of  water,  and  placing  a  wire  connected 
with  the  other  terminal  near  the  surface  of  the  water,  a 
spark  will  be  obtained  from  the  water.  B3'  incasing  each 
of  the  terminal  wires  in  a  glass  tube — leaving  only  the 
end  exposed — and  dipping  the  two  wires  thus  incased  in  a 
glass  of  water,  with  their  exposed  ends  near  together,  a 
vivid  spark  will  be  seen  to  pass  from  one  wire  to  the  other, 
showing  that  the  spark  is  not  extinguished  by  water. 

A  rapidly  whirling  disk.  Fig.  535,  as  viewed  by  the  dis- 
charges of  the  induction  coil,  appears  stationary  when  the 
passage  of  the  sparks  and  the  passing  of  the  radial  bars  of 
the  disk  by  a  fixed  point  occur  simultaneously.  This  experi- 
ment exhibits  the  great  velocity  of  the  electric  spark. 
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By  increasing  the  speed  of  the  disk,  or  reducing  the  rate 
of  vibration  of  the  interrupter,  the  disk  appears  to  set  up  a 
slow  retrograde  motion.  By  decreasing  the  speed  of  the 
disk,  it  appears  to  move  slowly  forward. 

A  speed  may  be  reached  at  which  the  two  series  of 
radial   bars  seem    to   rotate   in    opposite    directions.       At 

Fig.    537. 


Gas  Pistol. 

another  speed  the  central  series  rotates  while  the  outer 
series  stands  still,  and  the  black  spots  turn  in  orbits  of  their 
own  at  the  ends  of  the  stationary  bars. 

A  Leyden  jar  being  placed  on  an  insulated  table,  K  (Fig. 
536),  and  having  its  inner  and  outer  coatings  connected  with 
the  poles  of  the  coils  by  wires,  /  q,  adds  greatly  to  the  inten- 


FiG.   538. 


Stateham's  Fuse. 

sity  of  the  spark  between  the  pointed  rods  connected  with 
the  coil.  The  jar  may  be  charged  by  insulating  it  and  con- 
necting one  of  the  poles  of  the  induction  coil  with  the  ball 
of  the  jar,  and  placing  a  wire  connected  with  the  other  pole 
a  httle  distance  from  the  outer  coating.  The  jar  may  be 
discharged  with  the  ordinary  discharging  rod. 

By  placing  between  the  secondary   wires  in  the  path  of 
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the  spark  an)?  highly  inflammable  substance,  like  gun-cotton 
or  common  cotton  sprinkled  with  lycopodium,  it  is  read- 
ily exploded.  Ether  and  the  light  hydrocarbons  may  be 
ignited  in  a  similar  wa^^  A  mixture  of  illuminating  gas  and 
air  may  be  exploded  by  the  spark  by  employing  the  gas 
pistol  shown  in  Fig.  537.  This  consists  of  a  small  tin  can, 
D,  having  a  mouth  fitted  with  a  cork,  and  an  insulated  rod 


Fig.   539. 


Apparatus  for  Decomposing  Water. 

passing  through  one  side  and  nearly  touching  the  other. 
When  this  contrivance  is  filled  with  a  mixture  of  eras  and 
air,  and  the  knob,  A,  is  presented  to  one  pole  of  the  coil 
while  the  can  is  in  communication  with  the  other  pole,  an 
explosion  follows. 

Stateham's  fuse,  shown  in  Fig.  538,  is  employed  in  elec- 
tric blasting.  It  is  simply  a  gutta-percha-covered  con- 
ductor, twisted   together  and  interrupted.     It  is  buried  in 


INDUCTION     BY     ELECTRIC     CURRENTS. 


561 


gunpowder,  which  is  ignited  when  the  spark  from  the 
induction  coil  passes  the  break  in  the  conductor. 

When  the  discharging  points  of  the  induction  coil  are 
placed  quite  near  together,  a  calorific  spark  is  produced 
which  will  ignite  wood,  paper,  etc. 

In    Fig.    539  is    shown    an    apparatus    for    decomposing 

Fig.  540. 


Geissler's  Tubes. 


water.  It  consists  of  a  vessel  having  two  platinum  poles 
connected  with  the  secondary  wires,  and  covered  by  two 
glass  tubes  suspended  over  them.  The  vessel  and  the  tubes 
are  filled  with  water  acidulated  with  sulphuric  acid.  Oxy- 
gen is  disengaged  at  the  positive  electrode,  and  hydrogen 
appears  at  the  negative.     These  gases  may  be  reunited   by 
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placing  them  in  the  gas  pistol  and  exploding  them  by  a 
spark. 

The  experiments  already  described,  although  very  inter- 
esting and  instructive,  do  not  compare  in  splendor  with  the 
class  of  experiments  in  which  the  electric  discharge  passes 
through  a  rarefied  medium. 

The  remarkable  beauty  and  brilliancy  of  the  discharge 
is,  perhaps,  best  exhibited  by  the  well  known  Geissler's 
tubes,  several  forms  of  which  are  shown  in  Fig.  540.  In 
these  the  color  of  the  discharge  varies  with  the  vapor  con- 
tained by  the  tube,  and  it  is  also  modified  by  the  quality  of 
the  glass  composing  the  tube. 

In  Fig.  541  the  magnificent  strise  which  are  produced  in 

Fig.  541. 


Geissler's  Tubes  showing  Stratifications. 


these  tubes  are  represented.  These  strise  vary  in  shape, 
color,  and  luster  with  the  degree  of  vacuum,  the  dimensions 
of  the  tube,  and  the  nature  of  the  gas  or  vapor  through 
which  the  discharge  takes  place.  In  this  figure  the  stri^ 
given  by  hydrogen  are  represented. 

The  electric  egg,  shown  in  Fig.  542,  is  simply  a  large  egg- 
shaped  glass  vessel,  having  a  stop  cock  for  attaching  it  to 
an  air  pump,  and  provided  with  a  sliding  rod  at  the  top,  and 
a  metal  rod  at  the  bottom,  which  terminates  in  a  ball  and  is 
in  metallic  connection  with  the  base.  The  air  being  ex- 
hausted, and  the  upper  and  lower  rods  being  connected  with 
the  poles  of  the  induction  coil,  the  light  tuft  between  the 
two  rods  will  assume  on  ovoidal  form,  and  will  become 
more  nearly  spherical  as  the  air  becomes  more  rare.  When 
a  piece  of  metal  is  presented  to  the  side  of  the  egg,  the  cur- 
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rent  will  be  diverted  from  its  path  and  flow  toward  the 
side  of  the  egg,  as  seen  in  the  figure  at  the  left.  When  the 
glass  globe  contains  a  small  portion  of  the  vapor  of  alcohol, 
naphtha,  or  any  light  hydrocarbon,  the  character  of  the 
light  is  changed,  being  stratified,  as  shown  in  the  central 
figure. 

The  experiment  known  as  Gassiot's  cascade  (Fig.  543)  is 

Fig,  542. 


Electric  Eggs. 


very  beautiful.  A  goblet  coated  with  tinfoil,  after  the  man- 
ner of  a  Lej'den  jar,  is  placed  in  a  vacuum.  The  induction 
current  is  carried  to  its  bottom  by  the  wire  passing  through 
the  cap  of  the  air  bell.  The  other  electrode  being  in  com- 
munication with  the  air  pump  plate  on  which  the  apparatus 
stands,  when  the  current  is  established,  "  the  goblet  over- 
flows like  a  fountain,  with  a  gentle  cascade  of  light,  wavy 
and  gauze-like,  falling  like  an  auroral  vapor  on  the  metallic 
base." 
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The  beautiful  experiment  illustrated  in  Fig.  544  is  due 
to  Mr.  Rej'nold  Janne_y,  of  Wilmington,  O.  It  consists  in 
passing  the  discharge  of  a  Wimshurst  machine  or  induction 
coil  over  a  board  covered  with  tinfoil  divided  into  ^  inch 
squares.  The  discharge  splits  up  into  man}'  branches,  each 
of  which  resembles  a  miniature  lightning  stroke.     The  dis- 


Janney's  Lightning  Board. 

charge  from  a  coil  like  that  just  described  will  readily  pass 
over  such  a  board  six  feet  in  length.  The  best  method  of 
making  this  apparatus  is  to  appl}'  two  or  three  coats  of 
shellac  varnish  to  a  smooth  pine  board,  allowing  it  to  be- 
come thoroughly  dry,  then  applying  the  tinfoil  and  causing 
it  to  adhere  by  passing  over  it  a  warm  sad-iron,  which  melts 

Fig.  545. 


sst 


Word  formed  by  Sparks. 

the  shellac  so  that  as  soon  as  it  becomes  cool  the  foil  is 
firmh-  cemented  to  the  board.  The  squares  are  formed  by 
cutting  through  the  foil  longitudinally  and  transversely  by 
means  of  a  sharp  knife  guided  by  a  straight  edge. 

In  Fig.  545   is  shown  a  word  formed  by  sparks  leaping 
over  spaces  in  a  narrow   strip  of  foil.     The  discharge  pro- 
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duces  luminous  effects  at  the  interruptions  only.  By  a 
careful  arrangement  of  the  interrupted  and  iminterrupted 
strips  of  tinfoil,  almost  any  design  capable  of  being  formed 
in  outline  ma)^  be  produced  in  brilliant  kmiinous  lines. 

AUTOGRAPHS    OF   THE    ELECTRIC    SPARK. 

Electricity  of  very  high  tension,  when  discharged  on  the 
surface  of  a  body  having  ver}'  low  conductivity,  forms  a 
luminous  arborescent  image,  showing  the  path  of  one  f)r 
more  of  the  sparks  resulting  from  the  discharge.  The 
erratic  course  taken  by  the  spark  may  be  clue  to  the  com- 
pression of  air  in  the  path  of  the  discharge  or  to  the  supe- 
rior conducting  power  of  some  portions 
of  the  conductor,  or  to  both. 

The  autographic  record  of  such  a 
discharge  is  sometimes  found  on  the 
bodies  of  persons  struck  by  lightning,  the 
tree-like  appearance  of  the  marks  giving 
rise  to  the  erroneous  notion  that  the 
lightning  in  some  way  photographs  upon 
the  body  the  image  of  trees  in  the  vicinitj' 
of  the  catastrophe. 

Doubtless    the    same    marks    might   be 
produced  upon  the  body  by  the  discharge     ^assiot's  Cascade, 
of  a  Holtz  machine  or  a  large  induction  coil  ;  but  this  is  an 
experiment  for  which  it  would  be  difficult  to  find  a  subject. 

Fig.  546  is  an  accurate  copy  of  a  photograph  taken  from 
the  arm  of  a  boy  who  had  been  struck  by  lightning.  Here 
the  marks  bear  a  striking  resemblance  to  some  forms  of 
vegetation. 

The  writer  in  striving  to  secure  an  autographic  record 
of  high  tension  electrical  discharges  tried  a  large  number  of 
films  before  finding  one  sufficiently  delicate  to  be  impressed 
by  the  discharge  and  at  the  same  time  having  enough  firm- 
ness to  prevent  it  from  being  blown  awa_v  by  the  spark.  A 
thin  film  of  smoke  on  glass,  fixed  by  means  of  alccjhol, 
3"ielded  the  first  results;  but  the  difficulty  of  saturating  the 
film  with  alcohol  without  destroj'ing  it  was  considerable. 
Finally,   a    smoke    film    formed  on   glass    previously  coated 
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very  slightly  with  kerosene  oil  was  adopted  as  the  most 
practicable.  The  glass  was  prepared  for  smoking  by  smear- 
ing it  over  with  the  oil,  then  removing  all  but  a  trace,  then 
smoking  it  lightly  over  a  very  large  gas  jet  or  over  a 
candle. 

The  glass  plate  thus  prepared  was  arranged  between  the 

Fig.   546. 


Marks  produced  by  Lightning. 


terminals  of  the  induction  coil,  at  right  angles  to  the  ter- 
minals, so  that  the  discharge  might  be  directly  against  the 
smoked  surface  of  the  glass,  as  shown  in  Fig.  547. 

The  coil  emplo3'ed  was  capable  of  yielding  a  i^  inch 
spark,  and  the  pointed  terminals  were  separated  ^  inch.  A 
single  spark,  or  what  appeared  to  be  such,  from  the  nega- 
tive terminal  of  the  coil  produced  upon  the  film  a  spot  like 
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one  of  those  shown  in  Fig.  548.  These  spots,  to  the  unaided 
eye,  appear  like  small  holes  through  the  film  ;  but  micro- 
scopic examination  shows  them  as  composed  of  a  large  num- 
ber of  very  crooked  lines  cut  out  of  the  smoke  film,  and 
strongly  resembling  a  tuft  of  wool.  Fig.  549  shows  a  figure 
produced  by  a  succession  of  discharges.  These  figures  in- 
dicate the  splitting  up  of  the  discharge  into  several  branches. 
It  might  at  first  appear  that  the  structure  of  the  film  would 


Fig.   547. 


-A'V^^- 


^^ 


Position  of  the  Plate  between  tiie  Terminals. 


have  some  influence  oia  the  direction  of  the  discharge  and, 
consequently,  on  the  character  of  the  lines ;  but  the  other 
markings  shown  are  so  characteristic,  and  so  evidently  inde- 
pendent of  the  structure  of  the  film,  that  it  seems  aliuost 
certain  that  the  nature  of  the  fihu  had  very  little  to  do  with 
the  direction  taken  by  the  spark. 

Figs.  548  to  552,  inclusive,  are  photo-micrographs  of  vari- 
ous marks  produced  in  the  manner  described,  taken  under  a 
magnification  of  20  diameters,  and  the  engravings  of  their 
electro-autographs  are  produced  by  photo-engraving,  with- 
out any  additions  or  modifications  whatever,  so   that   faith- 
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Fig.  548. 


Fig.  549. 


Autographs  of  the  Electric  Spark. 
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Fig.  550. 


Fig.   551. 


Autographs  of   the  Electric  Spark. 
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ful  reproductions  of  the  original  work  done  by  the  elec- 
trical discharge  are  presented  herewith.  The  figures  num- 
bered 548  to  551  were  produced  b}"  the  discharge  from  the 
negative  terminal  of  the  coil,  while  the  marks  shown  in  Fig. 
552  were  made  by  the  discharge  from  the  positive  terminal. 
The  sagittate  forms  of  the  larger  marks  in  Fig.  550 
are  produced  b^-  a  heavier  discharge.  The  sagittate  and 
bird-like    forms  shown  in  Fig.  551   are  of    rare  occurrence, 

Fig    552.  , 


Autograph  of  the  Electric  Spark. 

but  the}'  are  of  substantiall}-  the  same  nature  as  those 
shown  in  Fig.  550.  Figures  resembling  these  have  been 
seen  in  vacuum  tubes,  and  sketched  by  De  la  Rue.  Re- 
productions of  some  of  his  drawings  are  given  in  Fig.  553: 
I  in  this  cut  shows  striee  in  which  each  section  resembles 
an  arrow  head,  the  points  alwa^'S  extending  toward  the 
negative  conductor  ;  2  shows  the  tendency  of  stride  to 
become  conical ;   3,   4,  and    5    show  sagittate    forms  similar 
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to  those  shown  in  the  autographs,  Figs.  550  and  551,  but 
the  images  of  them  vanished  when  the  current  ceased  ;  6  in 
Fig-  553  shows  forms  taken  by  the  discharge  from  the  posi- 
tive terminal  in  a  vacuum  tube,  wliich  liave  substantially 
the  same  appearance  as  the  marks  shown  in  Fig.  552. 

Two  peculiarities  are  noticed  in  the  marks  in  Fig.  552,  one 
being  the  longitudinal  grooves  in  each  mark,  the  other  the 
evidences  of  the  ricocheting  of  the  spark. 

Fig.  553. 


Figures  formed  by  the  Electric  Discharge  in  Vacuum  Tubes, 

De  la  Rue  says :  "  The  gases,  in  all  probability,  re- 
ceive impulses  in  two  directions,  at  right  angles  to  each 
other,  that  from  the  negative  being  the  more  continuous  of 
the  two."  The  autographic  records  here  shown  seem  to 
bear  out  this  theory,  since  all  of  the  arrows  have  lateral  en- 
largements and  point  toward  the  negative. 

The  longitudinal  groovings  of  the  marks  made  by  the 
sparks  from  the  positive  terminal  are  suggestive  of  a  multi- 
ple discharge. 
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INDUCTION    BALANCE    AND     AUDIOMETER. 

With  this  apparatus  the  condition  of  the  hearing  appa- 
ratus may  be  ascertained,  and  the  hearing  capacity  may  be 
accurately  measured.  It  has  been  determined  by  the  use  of 
this  instrument  that  there  is  a  wide  difference  between  the 
hearing  powers  of  different  individuals,  and  that  there  is 
often  a  marked  difference  between  the  hearing  power  of  the 
two  ears  in  the  same  individual. 

While  this  use  is  very  interesting,  amusing,  and  instruct- 
ive, another  application  of  the  same  principle  is  even  more 
wonderful.  Figs.  554,  555,  and  556  show  the  induction 
balance  in  a  new  and  convenient  form.  This  instrument  is 
capable  of  being  used  in  the  same  manner  as  the  ordinary 
form,  and  besides  may  be  used  to  distinguish  between 
metals  and  allo)'S  by  a  method  hitherto  unknown. 

On  several  occasions  the  results  of  the  examination  of 
different  metals  by  this  method  have  been  reported  by  Pro- 
fessor Hughes  and  others  who  have  experimented  in  this 
direction. 

The  coils,  G,  H,  H',  G',  are  wound  upon  spools  2i/i 
inches  in  diameter,  having  a  2  inch  hole  through  the  center 
for  receiving  the  supporting  bars,  I,  J.  These  spools  are 
each  wound  with  350  feet  of  No.  32  silk-covered  copper 
wire.  The  wooden  bars,  I,  J,  are  24  inches  long  between 
the  standards  that  support  them.  They  project  through  2- 
inch  holes  in  the  standards,  and  are  held  in  place  by  horn  or 
rubber  springs,  K,  as  shown  in  Fig.  555.  This  arrangement 
admits  of  inserting  objects  into  the  coils  from  the  ends  ol 
the  instrument.  The  primary  coils,  G,  G',  are  in  circuit 
with  the  microphone,  E,  and  battery,  F,  and  are  connected 
so  that  the  current  traverses  the  coils  in  opposite  directions, 
and  the  secondary  coils,  H,  H',  are  connected  together  by 
one  terminal,  and  with  the  telephone  by  the  other,  the  two 
coils  being  wound  in  the  same  direction.  The  coil,  H,  should 
be  placed  }■<  or  |  inch  from  the  coil,  G,*  and  the  coil,  H', 
should  be  similarly  arranged  in  relation  to  the  coil,  G',  and 
the  latter  should  be  moved  one  way  or  the  other   until  the 

*  This  distance  is  made  proportionally  greater  in  the  engraving  simply  for 
the  sake  of  clearness. 
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ticking  of  the  clock  on  the  microphone  is  no  longer  heard  ; 
then  the  inductive  effect  of  one  of  the  outer  coils  is  exactly 
balanced  by  that  of  the  other.  To  disturb  this  balance  it  is 
only  necessary  to  insert  in  one  or  the  other  of  the  pairs  of 
coils  a  coin  or  other  object,  as  seen  between  the  coils, 
G,  H.  The  ticking  may  then  be  heard  more  or  less  dis- 
tinctly in  the  telephone,  the  loudness  of  the  sound  depend- 
ing on  the  particular  metal  or  alloy  inserted.  If  it  be  a 
coin,  and  another  similar  coin  be  inserted  into  the  other  end 
of  the  apparatus  in  the  same  position  relative  to  the  coils, 
H',  G',  the  ticking  will  cease ;  but  if  there  is  a  variation  in 
composition  or  size,  the  difference  is  at  once  made  known 
by  the  continued  ticking  of  the  clock  in  the  telephone.  In 
this  manner  a  counterfeit  coin  may  be  easily  and  certainly 
detected. 

It  is  remarkable  that  to  disturb  the  balance  of  the  cur- 
rent requires  only  the  slightest  variation  in  the  size  or  mate- 
rial of  the  object  inserted.  A  piece  of  small  iron  wire  will 
bring  out  the  ticking  loudly.  A  piece  of  magnetized  steel 
will  make  it  still  louder.  It  is  an  interesting  study  to  deter- 
mine the  difference  between  different  substances  as  indicated 
by  this  apparatus. 

When  the  induction  balance  is  used  as  an  audiometer,  the 
two  central  or  secondary  coils  are  placed  close  together,  and 
a  paper  scale,  K,  is  attached  to  the  upper  surface  of  the  bar, 
J,  to  complete  the  arrangement.  When  the  two  coils  are 
exactly  in  the  center  of  the  apparatus,  the  currents  induced 
by  the  coils,  G  G',  will  be  equal  and  in  opposite  directions, 
and  will,  therefore,  neutralize  each  other,  so  that  no  sounds 
will  be  heard  at  the  telephone  ;  but  when  the  movable  coils 
are  carried  toward  either  end  of  the  apparatus,  the  current 
induced  in  the  movable  coils  by  the  coil  at  that  end  will 
produce  sounds  in  the  telephone,  the  strength  of  which  are 
in  proportion  to  their  distance  between  the  movable  and 
fixed  coils. 
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CHAPTER    XXI. 

TELEPHONE,  MICROPHONE,  ELECTRICAL  MAGIC. 
THE  TELEPHONE. 

The  telephone,  although  now  well  known,  is  no  less 
interesting  than  it  was  when  first  presented  to  the  public. 
Many  forms  of  this  wonderful  instrument  have  been  in- 
vented ;  only  one,  however,  has  come  into  general  use. 

Fig.  I,  Plate  VII.,  shows  the  telephone  in  active  opera- 
tion. Fig.  2  is  a  perspective  view  of  a  telephone  employing 
ordinary  U  magnets. 

Fig.  3  is  a  detail  sectional  view  of  the  same.  Fig.  4 
is  a  side  elevation  partly  in  section  of  a  telephone  that  is 
essentially  the  same  as  Bell's.  Figs.  5  and  6  represent 
devices  for  magnetizing  the  bars  for  telephones.  The  tele- 
phone shown  in  Figs.  2  and  3,  Plate  VII.,  is  very  easily 
made.  The  two  U  magnets,  B,  which  may  be  5  inches  long, 
or  larger  or  smaller,  can  be  bought  at  almost  any  hardware 
store  or  toy  shop,  and  the  soft  iron  core.  A,  upon  which  the 
spool,  D,  is  placed,  is  screw-threaded  externall}^  and  flattened 
to  fit  between  the  magnets.  The  iron  core.  A,  is  |  inch  in 
diameter,  and  the  flattened  end  which  extends  for  about  i 
inch  between  the  magnets  is  -J,  inch  thick,  and  the  other  poles 
should    be  separated  the  same  distance  by  a  block  of  wood. 

The  two  magnets  are  firmly  clamped  together  by  the 
brass  plates,  C,  and  the  screw,  which  extends  through  one 
of  them  into  a  tapped  hole  in  the  other.  The  magnets 
must  be  arranged  with  like  poles  in  contact  with  the  soft 
iron  core,  A. 

The  wooden  spool,  D,  is  i  inch  in  diameter  and  ^  inch 
long,  and  has  upon  its  outer  end  a  concaved  flange,  E,  hav- 
ing an  annular  bearing  surface  for  the  diaphragm,  F.  The 
flange  is  2^  inches  in  diameter,  and  the  annular  bearing  sur- 
face is  i  inch  wide,  leaving  the  middle  portion  of  the  dia- 
phragm, which  is  if  inches  in  diameter,  free  to  vibrate. 
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The  spool  is  filled  with  No.  36  or  No.  38  silk-covered  cop- 
per wire,  and  the  ends  of  the  wire  are  fastened  to  small 
binding  screws,  (T,  that  project  from  the  back  of  the  con- 
cave flange,  E. 

The  diaphragm,  which  is  simpl}^  a  disk  of  very  thin 
tinned  iron  or  ferrotype  plate,  is  of  the  same  diameter  as 
the  flange,  E,  on  which  it  is  placed. 

The  mouthpiece,  G,  is  secured  to  the  flange,  E,  by  three 
small  screws;  the  diaphragm  being  clipped  at  three  equi- 
distant places  to  admit  of  this  mode  of  fastening.  The  dia- 
meter of  the  opening  in  the  mouthpiece  is  i  inch,  and  the 
mouthpiece,  like  the  flange,  must  be  concave. 

The  distance  between  the  diaphragm,  F,  and  the  end  of 
the  soft  iron  core,  A,  is  adjusted  by  screwing  the  spool,  D, 
up  or  down  on  the  core.  The  best  adjustment  is  to  place 
the  diaphragm  as  near  the  end  of  the  core  as  possible  with- 
out causing  a  jar  when  the  instrument  is  spoken  to. 

The  telephone,  when  connected  with  another  of  the  same 
kind  by  means  of  two  conducting  wires  secured  in  the  bind- 
ing posts,  works  well.  A  single  wire  may  be  used  to  con- 
nect one  binding  post  of  each  telephone,  the  other  binding 
post  being  connected  with  the  gas  or  water  pipe,  or  with  a 
ground  wire  properly  connected  with  large  metallic  plates 
buried  in  earth  that  is  constantly  moist. 

The  telephone  thus  described  is  more  easily  made  than 
that  shown  in  Fig.  4,  Plate  VII.,  as  the  trouble  of  magnetiz- 
ing the  steel  is  avoided. 

By  substituting  for  the  iron  core,  A,  a  bar  magnet  |  inch 
diameter  and  6  inches  long,  a  very  compact,  easily  adjusted 
telephone  is  produced. 

The  telephone  shown  partly  in  section  in  Fig.  4  consists 
of  five  principal  parts — the  handle,  H,  the  mouthpiece,  1,  the 
diaphragm,  J,  the  magnet,  K,  and  the  bobbin,  L. 

The  handle  is  bored  longitudinally  through  the  center  to 
receive  the  round  bar  magnet,  K,  and  there  are  two  small 
holes  at  opposite  sides  of  the  magnet,  through  which  pass 
the  stout  wires,  M,  which  are  soldered  to  the  terminals  of  the 
bobbin,  L,  and  connected  with  the  binding  screws,  N,  at 
the  end  of  the  handle.     The  handle,   H,  is  chambered  to 
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receive  the  bobbin,  L,  and  lias  a  moutiipiece,  I,  and  dia- 
pliragm,  J,  wliich  are  of  the  same  size  as  previously 
described. 

In  tiie  present  case  the  mouthpiece  or  cap  is  screwed  on 
the  handle,  but  it  may  with  equal  advantage  be  fastened  by 
means  of  small  screws,  as  shown  in  Figs.  2  and  3. 

The  bobbin  is  filled  with  No.  36  or  No.  38  silk-covered 
copper  wire,  and  the  magnets  are  placed  as  near  the  dia- 
phragm as  possible  without  touching  it,  and  when  properly 
adjusted  it  is  clamped  by  a  screw,  O,  at  the  smaller  end  of 
the  handle.  The  bar  magnet,  K,  is  f  inch  diameter  and  6 
inches  long. 

The  connection  between  two  or  more  telephones  and 
the  ofround  connection  is  made  in  the  manner  before  de- 
scribed. 

There  are  two  methods  of  magnetizing  the  bars.  The 
first  thing  to  be  done  is  to  harden  and  temper  the  bar.  This 
is  done  by  heating  it  to  a  dark  cherry  red  and  plunging  it 
in  cool  water,  and  afterward  drawing  the  temper  to  a  straw 
color.  The  first  method  of  magnetization  consists  in  plac- 
ing upon  each  end  of  the  tempered  steel  bar,  Q  (Fig.  5),  a 
soft  iron  cap,  R,  and  inclosing  the  bar  thus  armed  in  a  helix, 
P,  made  of  eight  or  ten  layers  of  No.  16  insulated  copper 
wire,  and  connecting  the  helix  with  a  bichromate  battery. 

The  helix  should  extend  to  the  ends  of  the  soft  iron  caps, 
and  it  must  be  disconnected  from  the  battery  before  with- 
drawing the  magnet. 

Another  method  consists  in  passing  over  the  bar  a  helix, 
S,  composed  of  ten  layers  of  No.  16  insulated  copper  wire. 
This  helix  has  an  internal  diameter  of  t^-  inch  and  a  length 
of  about  i^  inches. 

The  helix,  being  connected  with  a  strong  battery,  is 
drawn  over  the  bar  from  one  end  to  the  other,  and  returned 
to  the  middle  of  the  bar,  when  the  battery  should  be  discon- 
nected. 

These  are  easy  methods  of  magnetization,  and  may  be 
practiced  by  any  one  having  the  appliances,  but  unless  a 
very  powerful  battery  is  used,  the  magnets  will  not  possess 
the  strength  exhibited  by   magnets  charged  by  a  dynamo. 
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The  telephone  line  wire  should  be  insulated  in  the  same 
■  manner  as  telegraph  wires.  For  short  lines  a  return  wire 
is  used.     For  long  lines  a  ground  connection  is  preferable. 

No.  12  galvanized  iron  wire  is  commonly  used  for  tele- 
phone lines. 

An  explanation  of  the  action  of  the  telephone  is  found  in 
Chap.  XVIII.,  p.  477.  The  diaphragm  is  the  armature  of  the 
magnet.  The  approach  of  the  armature  toward  the  magnet 
and  its  recession  therefrom,  under  the  influence  of  sound 
waves,  alternately  weakens  and  strengthens  the  magnet,  and 
thus  causes  the  generation  in  the  coil  surrounding  the  mag- 
net of  induced  currents  alternating  in  direction,  and  vary- 
ing in  strength  according  to  the  amplitude  of  the  vibration 
of  the  diaphragm.  These  alternating  currents  pass  over 
the  line  connecting  the  telephones,  and  through  the  coil  of 
the  distant  telephone.  Here  the  currents  alternately  aug- 
ment and  diminish  the  power  of  the  magnet  and  cause  an 
increase  in  its  attraction  for  the  diaphragm,  or  a  partial 
release,  according  to  the  direction  of  the  electrical  impulse. 

The  diaphragm  of  the  receiving  instrument  is  thus  made 
to  copy  the  motions  of  the  transmitting  diaphragm  with 
sufficient  completeness  to  reproduce  through  the  agencj'  of 
air  vibrations  sounds  similar  to  those  uttered  in  the  trans- 
mitting telephone. 

Owing  to  the  small  volume  of  sound  realized  in  tele- 
phones arranged  in  this  way,  a  microphonic  transmitter  is 
commonly  used  in  connection  with  telephone  lines. 

TPIE    TRANSMITTER. 

The  Blake  telephonic  transmitter,  shown  in  Fig.  557,  is 
now  almost  exclusively  used  in  connection  with  the  Bell  tele- 
phone. 

This  transmitter  is  very  efficient,  notwithstanding  the 
fact  that  there  is  nothing  very  delicate  or  fine  about  its  con- 
struction. 

It  is  generall}^  attached  in  a  vertical  position  to  a  board, 
which  also  supports  the  switches  and  other  accessories.  To 
the  hinged  cover  of  the  box  is  secured  the  annular  cast  iron 
frame,  A,  in  which  is  placed  a  3  inch  circular  diaphragm,  B, 
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made  of  common  Russia  iron  of  medium  tliickness,  bound 
around  the  edges  by  a  soft  rubber  band,  stretched  over  it 
so  that  it  covers  about  a  quarter  of  an  inch  of  its  edge. 

The  diaphragm  is  held  in  place  by  a  small  clip  just 
touching  the  rubber  binding  upon  one  edge,  and  by  a  steel 
spring  upon  the  other  edge,  which  is  rubber  tipped  and 
touches  the  diaphragm  about  f  inch  from  the  center  with  a 
pressure  of  several  ounces.  Short  arms  are  cast  on  the 
ring,  A,  one  at  the  bottom,  the  other  at  the  top,  and  to  the 
upper  arm  is  attached  a  spring,  which  is  riveted  to  the  cast- 
ing, C.  This  casting  supports  two  delicate  springs,  D  E 
(watch  springs).  The  spring,  D,  has  an  insulated  support, 
and  is  connected  by  a  Avire  with  the  upper  hinge  of  the  box 
cover,  the  hinge  being  connected  with  the  binding  post,  d  at 
the  top  of  the  box. 

The  free  end  of  the  spring,  D,  rests  against  the  dia- 
phragm, and  is  provided  with  a  convex  platinum  button, 
which  is  pressed  by  a  highly  polished  carbon  button  inserted 
in  a  piece  of  brass  weighing  two  or  three  pennyweights  and 
fastened  to  the  free  end  of  the  spring,  E. 

The  spring,  E,  is  in  metallic  contact  with  the  casting,  C, 
and  the  latter  is  in  electrical  communication  with  the  frame, 
A,  which  is  connected  by  a  wire  with  the  lower  hinge  of 
the  box,  and  the  hinge  is  connected  with  the  binding  post, 
c,  by  a  wire  that  includes  the  primary  wire  of  the  small 
induction  coil  seen  in  the  corner  of  the  box.  The  second- 
ary wires  of  the  induction  coil  are  connected  with  the  bind- 
ing posts,  a  b. 

The  inclined  surface  of  the  lower  end  of  the  casting  is  en- 
gaged by  an  adjusting  screw  which  passes  through  the  lower 
arm  of  the  frame,  A.  By  turning  this  screw  one  way  or  the 
other,  the  springs,  D  E,  are  made  to  press  with  more  or  less 
force  upon  the  diaphragm,  and  the  contact  between  the 
platinum  button  and  the  carbon  is  varied. 

The  binding  posts,  c  d,  are  connected  with  a  battery. 
The  binding  posts,  a  b,  are  connected  with  a  telephone  line, 
including  the  receiving  telephones,  usually  of  the  Bell  form. 

The  primary  current  passes  through  the  springs,  D  E, 
and  the  primary  wire  of  the  induction  coil.     The  vibrations 
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of  the  diaphragm  vary  the  contact  between  the  platinum 
button  and  the  carbon,  and  produce  a  variation  in  the  cur- 
rent which  induces  a  ccjrresponding  cvirrent  in  the  second- 
ary wire  of  the  induction  coil  and  in  the  line  including  the 
telephones.     A  single  cell  of  Leclanche  battery  is  sufficient 
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The  Bhikc  Telephonic  Transmitter. 


t(j  work  this  transmitter.  It  will  be  noticed  that  while 
the  spring,  D,  is  in  contact  with  the  diaphragm,  the  latter 
is  insulated  from  everything  else  by  the  rubber  binding 
and  the  rubber  tip  of  the  spring. 

The  box  hinges  are   provided   with  springs   soldered  to 
one  half,  and  pressing  upon  the  other  half  to  insure  a  good 
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electrical   contact.     A  magneto  bell  is  generally   employed 
in  connection  with  this  transmitter  for  calling. 

For  long  distance  telephony  the    Edison   carbon   button 
transmitter  is  superior  to  the  Blake. 

TELEPHONE    CIRCUITS. 

The  annexed   diagram   shows   all  of  the    electrical  con- 
nections for  one  end  of  a  telephone    line,   both  ends   being 


Circuits  of  the  Telephone. 

alike.  The  connections  are  shown  in  condition  to  call  or 
receive  a  call.  When  a  call  is  received,  the  current  passes 
from  the  line  through  the  switch,  E,  button,  i,  key,  top  con- 
tact of  the  kev,  bell  magnet,  and  ground  wire,  A,  to  the 
ground. 

When  the  ke)'  is  depressed  to  call  a  distant  station,  the 
key  touches  the  lower  contact,  on  the  battery  wire,  B,  send- 
ing the  current  throvigh  the  button,  i,  switch,  E,  and  line  to 
the  bell  and  ground  of  the  distant  station.  The  current 
returns  by  the  ground  and  wires,  A  C,  to  the  batter}-. 

After  calling,  the  switch,  E,  is  moved  to  button,  2,  and 
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the  switch,  F,  being  connected  with  the  switch,  E,  by  an 
insulating  connection  is  at  the  same  time  moved  to  button 
4,  as  shown  in  dotted  lines.  Now  the  line  connection  is 
through  the  switch,  E,  button,  2,  wire,  G,  receiver,  the  sec- 
ondar)^  wire  of  the  induction  coil  to  the  ground. 

The  switch,  E,  when  turned  as  described,  completes  the 
local  circuit,  the  current  passing  from  one  cell  of  the  battery 
through  the  wire,  D,  switch,  E,  button,  4,  transmitter,  pri- 
mary of  the  induction  coil  ground  wire,  A,  and  wire,  C. 

The  connections  are  now  arranged  for  talking.  Should 
the  transmitter  be  of  the  class  capable  of  withstanding  a 
heav}'  current,  the  wire,  D,  will  be  connected  so  as  to 
include  all  of  the  elements  of  the  battery,  and  the  wire,  B, 
instead  of  being  connected  with  the  battery  will  be  con- 
nected with  the  button,  3. 

The  diagram  shows  the  connections  adapted  to  the  class 
of  transmitters  employing  but  a  single  battery  element  and 
to  a  line  requiring  several  cells  of  batterer  to  call.  If  a  sin- 
gle cell  of  battery  is  sufficient  to  call,  the  wire,  B,  will  be 
connected  with  button,  3. 

When  a  magneto  call  is  used,  it  is  inserted  in  place  of  the 
bell. 

MICROPHONES. 

The  microphone  shown  in  Eig.  559  has  a  wooden  dia- 
phragm one-eighth  inch  thick  and  four  inches  square,  which 
is  glued  to  a  narrow  frame  supported  by  suitable  legs. 
Two  pieces  of  battery  carbon,  A  B,  are  secured  by  means 
of  sealing  wax  to  the  diaphragm  about  an  inch  apart  and  at 
equal  distances  from  the  center.  They  are  both  inclined 
downward  at  about  the  angle  indicated  in  the  enu-raving;, 
say  30°.  The  carbon.  A,  is  longer  than  the  carbon,  B,  and 
has  in  its  under  surface  three  conical  holes — made  with  a 
penknife  point — which  are  large  enough  to  receive  the 
upper  ends  of  the  graphite  pencils,  C.  The  lower  ends  of 
the  pencils  rest  in  slight  cavities  in  the  lower  carbon.  The 
pencils,  C,  are  small  rods  of  electric  light  carbon  sharpened 
at  each  end  and  placed  loosely  between  the  carbons :  they 
are  inclined  at  different  angles,  so  that   the   motion   of  the 
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diaphragm,  which  would  jar  one  of  them,  would  simply 
move  the  others  so  as  to  transmit  the  sound  properly.  Bat- 
tery wires,  which  are  connected  with  a  telephone,  are 
attached,  one  to  the  carbon.  A,  the  other  to  the  carbon,  B. 
The  diaphragm  and  its  support  in  Fig.  560  is  the  same  as 
that  already  described.    The  microphone  shown  in  this  figure 

Fig.  55g. 


Microphone  with  Graphite  Rods. 


has  a  piece  of  battery  carbon,  D,  secured  in  an  inclined  posi- 
tion to  the  diaphragm  near  the  middle,  by  means  of  sealing 
wax.  Three  carbon  pendants,  E,  of  different  sizes,  are  sus- 
pended by  ver}'  fine  wires,  so  that  they  rest  upon  the  upper 
surface  of  the  carbon,  D.  The  three  fine  wires  are  all  con- 
nected with  one  of  the  battery  wires,  and  are  fastened  at 
suitable  distances  apart  to  the  face  of  the  diaphragm  by  a 
drop  of  sealing  wax.  A  fine  copper  wire  is  wound  around 
the  carbon,  D,  and  connected  with  the  battery. 
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These  instruments  are  used  as  transmitters ;  a  Bell  tele- 
phone is  used  as  a  receiver.  By  using  a  number  of  rods, 
pencils,  or  pendants  instead  of  a  single  pencil,  as  in  the 
Hughes  microphone,  much  of  the  jarring  is  avoided,  while 
it  is  capable  of  transmitting  the  sound  of  the  ticking  of  a 
watch,  the  tramp  of  a  fly  or  an  ant,  the  crumpling  of  paper, 

Fig.  560. 


Microphone  with  Pendants. 


whistling,  instrumental  and  vocal  music,  and,  under  f.avora- 
ble  conditions,  articulate  speech,  whispering,  etc. 

ELECTRICAL    MAGIC. 

Electricity  in  its  ordinary  every-day  uses  surpasses  all 
the  feats  of  the  ancient  magi  or  modern  prestidigitators. 
Sending  light,  heat,  power,  signals,  and  speech  to  a  dis- 
tance over  wire,  the  phenomena  of  induction,  the  transfer 
of  metals  as  in  electro-metallurgy,  and   the  numerous  other 
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uses  to  which  electricit)^  is  applied  in  the  arts,  are  all  trul}' 
mysterious. 

The  application  of  electricity  to  magical  operations  is 
quite  common,  but  it  is  capable  of  more  extended  and  more 
effective  uses. 

The  few  examples  shown  in  the  engravings  are  such  as 
afford  entertainment  and  give  practice  in  the  applications 
of  electricitv. 

The    mysterious   drum,    shown  in    Fig.   561,    has    been 

Fig.  561. 


Mysterious  Drum. 


constructed  in  various  forms.  It  is  designed  to  beat 
by  means  invisible  and  undiscoverable  without  removing 
the  drum  heads.  The  drum  is  suspended  from  what  appears 
to  be  an  ordinary  hook,  and  the  operative  parts  are  con- 
cealed so  as  to  be  invisible  either  through  the  translucent 
heads  or  through  the  embouchure.  The  drum  is  suspended 
from  the  ring,  C,  by  chains,  A  B,  or  by  straps  concealing 
metallic  wires.  The  screw  rings  extending  through  the 
body  of  the  drum  communicate  electrically  with  the  magnet, 
D,  which  is  placed  so  near  the  embouchure  as  to  be  incapa- 
ble of  being  seen  through  it.     The  armature  of  the  magnet 
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is  supported  ver}^  near  its  poles  by  an  angle  plate  rigidly 
secured  to  the  body  of  the  drum,  as  shown  at  2,  Fig.  561. 
The  chains,  A  B,  touch  metallic  contact  pieces,  a  a,  embedded 
in  the  inner  surface  of  the  ring,  C,  which  may  be  either 
wood  or  rubber.  These  contact  pieces  at  their  upper  ends 
touch  on  opposite  sides  of  the  hook,  E.  This  hook  is 
divided  vertically  into  two  parts  throughout  its  length,  the 
two  portions  being  separated  by  a  thin  piece  of  mica,  as 
shown  at  3,  and  bound  together  by  a  hard  rubber  knob  at 
the  outer  end,  and  hard  rubber  ring  or  base-piece  near  the 
end  inserted  in  the  wall.  The  two  halves  of  the  hook  are 
connected  with  battery  wires  leading  to  some  distant  point, 
and  an  interrupter  worked  by  hand  or  clockwork  is  put  in 
the  electrical  circuit.  A  wheel,  notched  according  to  the 
kind  of  call  required,  attached  to  the  revolving  spindle  of 
a  spring  motor  and  touched  by  a  contact  spring,  makes  a 
good  interrupter  for  this  purpose. 

This  device  is  puzzling  to  the  uninitiated,  as  it  is  impos- 
sible to  see  hovi^  the  results  are  obtained  without  dismem- 
bering the  apparatus.  By  means  of  a  spur  in  each  heel, 
and  wires  extending  under  the  garments  to  the  hands,  it  is 
possible  to  transfer  the  drum  from  its  hook  to  the  finger 
and  secure  the  same  results,  provided  two  long  conducting 
plates  or  strips,  to  be  touched  by  the  spurs,  are  placed  be- 
neath the  carpet,  and  connected  with  the  battery  and  inter- 
rupter. The  removal  of  the  drum  from  the  hook  to  the 
linger  adds  another  element  of  m3fstery  to  the  device. 

Much  that  cannot  be  otherwise  satisfactorily  explained 
is  charged  to  the  supernatural.  The  phenomenal  sounds 
said  to  be  evoked  from  tables  by  the  weird  inhabitants  of  the 
spirit  world  may  be  ver}'  successfully  imitated  by  means  ot 
simple  electrical  contrivance  shown  in  Fig.  562,  and  not 
only  may  the  raps  be  produced,  but  sepulchral  voices  may 
be  heard  from  the  face  of  the  table. 

The  table  top  consists  of  two  parts,  the  thicker  portion 
being  hollowed  out,  so  as  to  form  a  circular  cavity  in  the 
middle,  surrounded  by  an  annular  cavity.  The  whole  is 
covered  with  a  top  about  one-eighth  of  an  inch  thick.  The 
table  standard  is  hollow,  and  chambered  out  sufficiently  at 
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the  lower  end  to  receive  a  compactly  made  Leclanche  bat- 
tery, which  rests  in  the  cap,  G,  fitted  to  the  lower  end  of 
the  standard.  From  the  battery  two  wires  extend  to  springs 
in  the  cap,  G,  and  these  springs  touch  two  semicircular 
pieces,  H,  of  metal  attached  to  the  inner  surface  of  the 
chamber  containing  the  battery  (see  Fig.  562),  so  that  when 


Fig.   562. 


Rapping  and  Talking  Table. 


the  battery  is  in  place,  one  of  its  conductors  will  touch  one 
of  the  pieces  of  metal,  and  the  other  spring  will  touch  the 
other  piece.  The  two  semicircular  pieces  of  metal  are  con- 
nected with  two  wires  extending  upward  through  the  table 
standard,  one  wire  being  connected  with  a  serrated  metallic 
hoop,  F,  placed  in  the  annular  space  in  the  table  top ;  the 
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other  wire  is  connected  with  one  terminal  of  an  electro- 
magnet whose  other  terminal  is  connected  with  a  flat  metallic 
ring  attached  to  the  thin  portion  of  the  table  top  and  located 
immediately  above  and  very  near  the  serrated  hoop,  F,  but 
not  touching  it.  Now,  by  placing  the  hand  flat  upon  that 
part  of  the  thin  cover  of  the  annular  space  in  the  thicker 
portion  of  the  table  top,  and  pressing  so  as  to  spring  the 
cover  ever  so  little,  the  electrical  circuit  is  closed  and  the 
electro-magnet  draws  down  the  armature  which  is  attached 
to  the  thin  table  top  near  the  poles  of  the  magnet,  but  not 
touching  them.  This  makes  a  loud  rap,  and  when  the  elec- 
trical circuit  is  broken  by  removing  the  pressure,  a  similar 
rap  is  produced.  The  movement  of  the  hand  in  this  opera- 
tion is  imperceptible. 

From  each  of  the  wires  extending  upward  in  the  stand- 
ard, a  wire  extends  down  one  of  the  table  legs,  and  termi- 
nates in  a  single  point,  having  sufficient  length  to  pass 
through  a  carpet  and  touch  two  plates  of  metal  communi- 
cating with  a  transmitting  telephone  or  with  a  telegraph 
key  and  battery.  With  the  former  the  table  answers  as  a 
receiving  telephone,  and  the  magnet  will  be  more  efficient 
for  this  purpose  if  it  be  polarized.  When  the  key  is  used, 
the  raps  may  be  produced  by  some  one  operating  the  key 
at  a  point  remote  from  the  table.  In  either  case  a  confed- 
erate is  required. 

By  placing  conductors  under  the  carpet  at  different 
points,  the  table  may  be  moved  about  to  enhance  the 
delusion. 

Fig.  563  shows  insects  that  appear  to  be  animated  when 
disturbed,  and  as  they  are  similar  in  construction,  the  descrip- 
tion of  one  will  answer  for  both.  The  pot  containing  the 
plants  upon  which  the  insects  are  mounted  is  broken  away  in 
the  engraving,  to  show  the  interior,  and  the  dragon-fly  is 
shown  in  section  at  7,  in  Fig.  563.  This  is  nothing  more  nor 
less  than  a  vibrator-interrupter,  made  in  the  form  of  a 
dragon-fly,  with  mica  wings  attached  to  the  vibratory  spring 
and  striped  with  asphaltum  varnish,  in  imitation  of  nature. 

The  body  of  the  fly  consists  of  an  iron  wire  wrapped  for 
a  part  of  its  length  with  No.  30  silk-covered  wire,  forming 
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a  small  electro-magnet,  whose  armatvire,  b,  is  attached  to  a 
spring  forming  a  part  of  the  back,  and  fastened  at  c  to  the 
wire  forming  the  core  of  the  magnet,  by  means  of  binding 
wire  and  jeweler's  cement  or  sealing  wax.  One  terminal  of 
the  magnet  wire  commnnicates  through  one  of  the  legs  of 
the  fi_y  with  a  wire  running  through  the  stalk  of  the  plant 
to  the  carbon  pole  of  a   small   Leclanche   battery   concealed 

Fig.    563. 


Electrical    Dragon-Fly. 


in  the  flower  pot.  The  other  terminal  of  the  magnet  wire 
is  connected  with  the  vibrator  spring  at  c.  The  free  end  of  the 
vibrator  spring  extends  from  the  armature,  b,  downward,  and 
is  provided  with  a  platinum  contact  screw,  d,  which  touches 
the  contact  spring,  l\  the  latter  being  in  electrical  communica- 
tion with  a  button  on  the  under  side  of  the  flower  pot  cover, 
which  is  touched  by  a  spring  attached  to  the  side  of  the 
pot.     This  spring    is   connected  with   a  \vire   that    extends 
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downward  and  terminates  in  several  points  disposed  about 
a  circle  concentric  with  the  bottom  of  the  pot.  The  zinc 
pole  of  the  battery  is  provided  with  a  wire  having  several 
terminal  points  alternating  with  the  points  previously  men- 
tioned. The  bottom  of  the  pot  is  slightly  concave,  and 
contains  a  small  quantity  of  mercury,  which,  in  conse- 
quence of  its  great  mobility,  completes  the  electrical  circuit 
between  some  of  the   wire   terminals  in  the  bottom  of  the 

Fig.  564. 


Electrical  Butterfly. 


pot  when  the  latter  is  tai<en  in  the  hand  and  moved  ever  so 
little. 

The  battery  is  of  small  size,  the  jar  consisting  of  a  com- 
mon tumbler.  When  the  device  is  taken  in  the  hand,  the 
wings,  which  are  attached  to  the  vibrator,  spring  imme- 
diately, tremble,  and  buzz  in  true  insect  fashion.  If  the 
plants  and  insects  are  finely  made,  they  are  sure  to  be  taken 
in  the  hand  for  examination,  when  the  latter  will  exhibit 
signs  of  life. 
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The  butterfly  shown  in  perspective  at  7,  Fig.  564,  and 
in  transverse  and  longitudinal  section  at  8  and  9  respec- 
tivel}',  is  intended  to  be  placed  upon  lace  curtains  or  on 
a  picture  frame.  The  body,  as  in  the  case  of  the  dragon-fl}-, 
consists  ot  an  electro-magnet  having  its  polar  extremity,  //, 
returned  upon  the  magnet  wire.  The  back  of  the  butter- 
fly consists  of  an  iron  shell  swaged  into  the  proper  form  and 
attached  to  the  smaller  end  of  the  magnet  by  means  of  a 
screw,  £-.  To  this  shell  are  pivoted  on  delicate  pivots,  /, 
two  small  armatures,  /,  which  extend  downward  over  the 
returned  pole  extension  of  the  magnet.  These  armatures 
Fig.  565.  carry  the  natural  wings  of  a  butterfly,  and 

as  the  pulsating  electrical  current  runs 
through  the  magnet  the  wings  are  vibrated 
in  accordance  with  the  intervals  of  open 
and  closed  circuit. 

The   electrical   impulses   ma}''    be  con- 
trolled   by  hand   or  by  clockwork,  or  b}' 
means   of  an    electric  pendulum  interrup- 
,^^  I  ter,  shown  in  Fig.  565.    The  current  which 

^P^  I  passes   from    the    battery,  ;/,   through  the 

butterfly,    passes   also   through    the   mag- 
net,   k,    of    the    interrupter,    through    the 
^*|.  1      pendulum   rod,    /,  and   through   the   mer- 

1    I-"  1      cury  contact   cup,   ;;/.     When    the   pendu- 

lum is  drawn  toward  the  magnet,  the 
circuit  is  broken ;  when  the  pendulum 
is  released  the  circuit  is  instantly  closed,  and  the  pendulum 
is  drawn  forward  again.  The  electrical  pulsations  produced 
in  this  way  move  the  wings  of  the  butterfly  more  or  less 
rapidly,  according  to  the  length  of  the  pendulum. 

Three  or  four  of  these  butterflies  may  be  controlled  by  a 
single  pendulum.  These  objects  placed  on  a  lace  curtain 
are  amusing  and  make  --ery  pretty  ornaments. 

The  fine  wire  forming  the  conductor  may  be  white  cot- 
ton-covered, which  may  be  easily  concealed  in  a  lace  cur- 
tain. 


Current  Breaker. 
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CHAPTER  XXII. 

LANTERN    PROJECTION. 

As  a  means  of  illustration,  nothing  can  excel  projection 
by  means  of  a  good  optical  lantern.  Not  only  can  pictures 
and  diagrams  be  shown  clearly  to  a  large  assemblage,  but 
apparatus  of  various  kinds  may  be  projected  on  a  mammoth 
scale,  many  chemical  actions  may  be  exhibited,  the  pheno- 
mena of  light,  heat,  electricity,  and  magnetism  may  be 
shown  in  various  ways.  In  fact,  there  is  scarcely  a  branch 
of  phvsics  that  may  not  be  illustrated  in  this  way.  The  lan- 
tern is  becoming  deservedly  popular  in  colleges  and  schools 
and  for  private  vise.  Besides  being  of  great  use  for  general 
instruction,  it  affords  a  means  of  rational  amusement  and 
entertainment. 

A  poor  lantern,  like  any  other  inferior  piece  of  appara- 
tus, is  undesirable.  For  scientific  work  the  lantern  should 
have  a  triple  condenser,  a  rectilinear  objective,  a  swinging 
front  for  the  vertical  attachment,  a  calcium  or  electric 
light,  polariscopic  and  microscopic  attachments,  an  erecting 
prism,  and  an  alum  or  water  tank.  Such  an  instrument  may 
now  be  purchased  for  a  reasonable  price,  so  that  there  is  no 
economy  in  making  one's  own  instrument.  It  will,  how- 
ever, be  found  advantageous  to  make  the  attachments. 

THE    SCIENTIFIC    USE   OF   THE   TOY  MAGIC    LANTERN. 

A  toy  magic  lantern  is  generally  considered  as  worthless 
as  any  piece  of  apparatus  one  can  own.  Usually,  in  these 
instruments,  the  source  of  light  is  unsatisfactory,  the  light 
is  wasted,  and  the  little  light  finally  rendered  available  is 
passed  through  imperfect  lenses,  yielding  results  which  are 
anything  but  pleasing.  Generally,  toy  lanterns  have  been 
made  without  condensers,  and  almost  without  exception 
they  are  found  to  be  of  an  odd  size,  which  will  not  receive 
an  ordinary  lantern  slide,  so  that  the  user  must  remain  con- 
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tent  with  the  daubs  usually  accompanying  such  instruments. 
Recently,  however,  some  improvement  seems  to  have  been 
made  in  this  direction.  In  looking  about  for  a  simple  lan- 
tern, suitable  for  certain  experimental  work,  a  type  of  lan- 
tern was  found  which  in  cheapness,  compactness,  generally 
good  design,  finish  and  efficiency,  is  superior  to  many  that 
were  examined.  Still  it  has  a  serious  defect,  that  is,  con- 
siderable spherical  aberration  ;  but  this  can  be  easily  reme- 
died by  replacing  the  front  lens  of  the  objective — which  is 
a  double  convex  of  four  inch  focus — with  a  meniscus  (peri- 
scopic)  spectacle  lens  of  the  same  focus. 

This  lantern  is  shown  in  side  elevation  in  Fig.  566  and  in 


Fig.  566. 


Fig.   567. 


Simple  Magic  Lantern — Elevation  and  Section. 


section  in  Fig.  567,  respectively.  It  is  made  of  several  sizes, 
but  the  size  which  costs  $3.75  or  $4  is  as  small  as  can  be  used 
to  advantage  in  the  experiments  illustrated  in  the  annexed 
engravings. 

The  lantern  is  12^-^  inches  high,  including  chimney;  the 
cylindrical  body  is  5  inches  in  diameter  and  6i  inches  long. 
The  back  of  the  body  is  closed  by  a  spun  concave  reflector. 
The  condenser  is  a  double  convex  lens  2f  inches  in  diame- 
ter and  4  inches  focus.  The  rear  lens  of  the  objective  is  a  dou- 
ble convex,  af  inches  diameter  and  5^  inches  focus,  and  the 
front  lens  is,  as  already  stated,  4  inches  focus  and  its  diameter 
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is    i^  inches.     The  optical  combination  is  not  the  best  that 
can  be  devised,  but  it  answers  a  very  good  purpose. 

The  lamp  has  a  kerosene  burner  of  approved  t3'pe,  and  is 
provided  with  a  tall  chimney,  which  insures  perfect  combus- 
tion and  a  white  light.  The  reservoir  of  the  lamp,  as  well  as 
the  objective  tube  and  lantern  chimney,  are  nickel  plated. 
The  space  in  which  slides  are  introduced  is  ^'^  of  an  inch  too 
narrow  for  average  slides,  but,  if  desirable,  a  clever  tinsmith 
can  correct  this  in  a  very  short  time. 


Vertical  Atlachment. 


It  is  not  intended  to  treat  of  the  projection  of  pictures 
with  this  instrument ;  but  it  may  be  said,  in  passing,  that 
the  lantern,  when  altered  as  suggested,  projects  a  very 
good  picture,  five  or  six  feet  in  diameter.  A  little  camphor 
added  to  the  kerosene  increases  the  light  perceptibly,  and  a 
clean  chimney  and  clean  lenses  go  a  long  way  in  the  utili- 
zation of  the  light. 

The  number  of  interesting  experiments  which  may  be 
successfully  performed  with  this  little  lantern  is  surprising. 
Certainly  a  long  evening  of  rational  and  instructive  amuse- 
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ment  may  be  gotten  out  of  the  lantern  with  little  expense 
beyond  the  cost  of  the  instrument  itself,  and  with  very  little 
trouble. 

The  production  of  cohesion  figures  on  the  screen  is  a  sim- 
ple and  interesting  experiment.  Between  two  glass  plates 
of  a  width  suitable  for  the  lantern  is  placed  a  small  amount 
of  vaseline,  either  plain  or  colored  with  alkanine  or  aniline. 
The  plates  are  pressed  together  until  all  of  the  air  is  ex- 
pelled, and  a  thin  film  of  vaseline  remains.  The  glasses  are 
then  clamped  together  by  means  of  two  stout  rubber  bands. 

The  slide  thus  prepared  is  placed  in  the  lantern,  and  the 


Fig.  569. 


Arrangement  for  Projecting  Apparatus. 

point  of  a  knife  blade  is  introduced  between  the  upper  cor- 
ners of  the  glass  plates.  Upon  the  smallest  separation  of  the 
plates,  arborescent  figures  will  appear  on  the  screen,  which 
will  grow  as  the  plates  are  further  separated,  appearing,  as 
shown  in  Plate  VII I.,  like  a  growth  of  cactus  or  fern.  On  re- 
moving the  knife  blade,  the  plates  will  be  drawn  together 
by  the  rubber  bands,  and  the  figures  will  disappear.  The 
experiment  may  be  repeated  again  and  again  with  the  same 
charge  of  vaseline,  but  it  will  in  time  become  so  thin  as  to 
require  renewal. 

In  Fig.  568  is  shown  an  attachment  for  converting  the 
instrument  into  a  vertical  lantern.     The  objective  is  remov- 
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ed  from  the  lantern,  and  a  cigar  box  of  suitable  height  is 
arranged  with  its  open  side  next  the  front  of  the  lantern.  In 
the  box  opposite  the  condenser  of  the  lantern  is  arranged  a 
piece  of  ordinary  looking  glass  at  an  angle  of  45°.  In  its 
top  is  made  a  hole  for  receiving  the  objective.  Inside, 
an  inch  and  a  half  from  its  upper  end,  is  arranged  a 
horizontal  transparent  glass  plate,  and  above  this  plate  the 
box  is  cut  awa}'  diagonally  across  the  corners,  leaving 
onl}'  material  enough  in  the  end  to  hold  the  objective. 
A  second  mirror,  arranged  parallel  with  the  first,  is  sup- 
ported   over   the    end    oi    the    objective,    and    serves    to 

Fig.  570. 


The  Opeidoscope. 


throw  the  image  on  the  wall.  If  the  experimenter  will  be 
satisfied  Avith  images  on  the  ceiling,  the  second  mirror  may 
be  dispensed  with. 

The  tank  shown  at  5,  Fig.  568,  is  designed  to  hold  various 
liquids  used  in  experiments  in  the  vertical  lantern.  It  con- 
sists of  a  plate  of  glass  to  which  is  secured  a  ring  of  tin,  by 
means  of  a  cement  composed  of  pitch,  gutta  percha,  and 
shellac,  equal  parts,  melted  together.  In  this  tank  may  be 
placed  clean  water.  A  cambric  needle,  carefully  laid  on  its 
side  on  the  surface  of  the  water,  will  float,  and  the  needle 
and  depression  in  the  water  formed  by  the  needle  will  show 
plainly  on  the  screen.  If  the  needle  be  magnetized,  it  may 
of  course  be  attracted  and  repelled   by  a  magnet.     A  few 
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bits  of  gum  camphor  thrown  on  clean  water  will  move 
about  in  a  curious  way.  A  few  drops  of  a  solution  of  cam- 
phor in  benzole,  dropped  on  the  water,  yield  very  interest- 
ing results.  Curious  effects  are  produced  b}'  a  drop  of 
some  of  the  essential  oils.  The  oils  of  cinnamon,  coriander, 
and  lavender  are  examples.  In  Fig.  569  is  shown  the  me- 
thod of  projecting  a  piece  of  apparatus  ;  in  the  present  case, 
a  radiometer.  The  objective  is  removed  from  the  lantern, 
and  supported  a  short  distance  in  front  of  it,  and  the  ap- 
paratus is  placed  between  the  lantern  and  the  objective. 
In  the  case   of  the    radiometer,  the  heat    of  the   lantern 

Fro.   571. 


Prnjecting  the   Spectrum. 

causes  the  radiometer  to  revolve,  so  that  it  is  seen  in 
motion  on  the  screen. 

In  Fig.  570  is  shown  a  simple  device,  known  as  the 
opeidoscope.  It  consists  of  a  short  paper  tube,  having  a 
thin  piece  of  rubber  stretched  over  it  and  tied.  A  small 
piece  of  mirror  is  cemented  to  the  center  of  the  rubber. 

The  perforated  card  shown  in  the  corner  of  the  engrav- 
ing is  inserted  in  the  lantern,  and  a  pencil  of  light  is 
allowed  to  fall  on  the  mirror,  and  when  different  notes  are 
sung  into  the  open  end  of  the  paper  tube,  the  reflected  pen- 
cil of  light  will  form  intricate  figures  on  the  wall. 

In  Fig.  571   is   shown  the  method  of  projecting  the  spec- 
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trum.  The  card  shown  above  the  lantern  has  a  central  lon- 
gitudinal slit  about  three-sixteenths  inch  wide.  This  card  is 
inserted  in  the  lantern,  and  the  slit  is  focused  on  the  screen. 
An  ordinary  glass  prism  is  now  placed  in  front  of  the  ob- 
jective, and  turned  until  the  best  effects  are  secured. 

In  Fig.  572  is  shown  an  experiment  in  double  refraction. 
The  perforated  card  shown  at  1 1  is  inserted  in  the  lantern, 
and  the  objective  is  arranged  as  described  in  connection 
with  Fig.  569.     The  aperture  of  the  card  is  focused  on  the 

Fig.  572. 


Double  Refraction. 


screen,  and  a  crystal  of  Iceland  spar  is  placed  between  the 
lantern  and  the  objective.  Two  images  of  the  aperture  of 
the  card  will  appear  on  the  screen,  showing  that  the  ray 
has  been  divided  or  doubly  refracted  by  the  spar.  A  per- 
manent mounting  for  the  spar  may  be  arranged  as  shown 
at  12,  the  spar  being  mounted  in  a  cork  fitted  to  a  tube 
adapted  to  the  lantern  front. 

In  Fig.  573  is  shown  a  device  for  producing  a  luminous 
fountain.  A  tube  is  fitted  to  the  rear  half  of  the  objective 
tube  and  closed  at  the  rear  end  by  a  glass  disk,  cemented  in 
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by  means  of  the  cement  above  described.  The  front  end  of 
the  tube  is  closed,  with  the  exception  of  an  orifice  three- 
eighths  inch  in  diameter,  in  which  is  inserted  a  smooth  tube 
about  one-half  inch  long.  A  nipple  projects  from  one  side 
of  the  fountain  tube,  for  receiving  the  rubber  supply  pipe, 
which  may  either  be  connected  with  the  house  water  supply 
or  it  may  be  used  as  a  siphon,  taking  water  from  an  elevated 
pail  or  tank.     Only  a  small  head  is  necessary  to  secure  the 

Fig.   573. 


Luminous  Fountain, 


desired  results.  The  stream  will  be  illuminated  throughout 
its  entire  length,  if  a  smooth  flow  of  water  is  secured,  and 
it  may  be  tinted  by  inserting  colored  plates  of  glass  in  the 
slide  receiver. 

In  Fig.  574  are  shown  some  cui'ious  effects  of  refraction. 
A  portrait  is  placed  in  the  lantern,  and  in  front  of  it  is 
placed  a  piece  of  wrinkled  window  glass,  which  is  slowly 
moved  back  and  forth,  the  curved  surfaces  of  the  glass 
producing  distortions  of  the  face  which  are  sometimes 
ludicrous. 
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In  Fig.  575  is  shown  a  kaleidotrope,  which  illustrates  per- 
sistence of  vision.  A  card  having  several  circles  of  small 
perforations,  sav  one-eighth  inch,  is  cemented  at  its  center 
to  one  end  of  a  short  spiral  spring,  the  opposite  end  of  the 
spring  being  cemented  to  a  plate  of  glass  which  fits  in  the 
lantern.  By  placing  this  slide  in  the  lantern  and  striking 
the  card  so  as  to  cause  it  to  vibrate  in  different  directions,  a 
great  variety  of  curves  will  be  described  on  the  screen  by 
the  light  spots,  and  owing  to  the  persistence  of  vision,  these 
curves  ^vill  be  seen  as  continuous  lines. 

A  disk  of  perforated  cardboard  or  tin  pivoted  centrally 
to  a  plate  of  the  same  material,  as  shown  in  Fig.  576,  exhibits 

a  certain  phase  of  interference 
when  it  is  placed  in  the  lan- 
tern and  the  disk  is  revolved 
slowlv.  This  is  a  verv  simple 
device,  but  it  is  well  worth  the 
trouble  of  making. 

Fig.  577  shows  a  cardboard 
disk  provided  w  i  t  h  radial 
slots,  and  pivoted  on  the  end 
of  a  handle.  It  is  designed 
to  be  whirled  in  front  of  the 
lantern  tube,  to  interrvipt  the 


Fig    574 


Refraction. 


light  beam,  to  show  the  effects 


of  intermittent  light  on  mov- 
ing objects.  The  slide  shown  in  Fig.  578  is  designed  to  show 
the  tiring  of  the  eye,  bv  the  observation  of  a  semicircular 
light  spot  on  the  screen,  for  a  considerable  length  of  time, 
then  quickly  pros'iding  a  similar  spot,  having  the  same 
illumination,  for  comparison. 

This  slide  is  made  by  cutting  in  a  slip  of  pasteboard  two 
semicircular  holes,  with  a  bar  between,  then  arranging  a 
card  to  cover  the  lower  semicircular  hole,  while  the  upper 
one  is  open.  The  card  is  attached  to  one  end  of  an  elas- 
tic band,  the  other  end  of  the  band  being  fastened  to  the 
pasteboard  slip.  The  card  is  provided  with  a  string,  by 
which  it  mav  be  held  in  place  over  the  lower  aperture  of 
the  slip.     After  the  slide  is  exposed  in  this  condition  for  a 
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few  seconds,  and  the  eye  becomes  wearied  by  viewing  the 
white  spot  on  the  screen,  the  card  is  released,  and  the  rub- 
ber withdraws  it  from  the  lower  semicircular  aperture, 
when  both  halves  of  the  circle  will  appear,  and  although 
they  are  equally  illuminated,  the  half  longest  on  the  screen 
will  appear  much  darker  than  the  other.  The  slide  shown  at 
19  and  20,  Fig.  579,  is  designed  to  illustrate  the  wave  theory 
of  light.  The  plate,  20,  which  fits  the  lantern,  is  made 
of  a  glass  photographic  negative  plate,  exposed  and  devel- 
oped to  render  it  opaque.  A  number  of  parallel  scratches 
are  formed  one-eighth  inch  apart  in  the  film  by  means 
of  a  large  needle.  The  slide,  19,  should  be  of  the  same 
width  as  the  plate,  20,  but  three  or  four  times  as  long. 
Upon  this  slide,  which  is  also  a  piece  of  negative  glass,  is 
scratched  a  sinuous  line,  covering  about  one-third  the  width 

Fig.  575. 


Kaleidotrope. 


of  the  plate.  This  fine  is  easily  made  by  the  aid  of  a  sheet 
metal  pattern  laid  out  by  means  of  compasses.  B3'  placing 
the  plate  with  the  parallel  scratches  in  the  lantern,  and 
moving  the  slide  over  it,  a  series  of  dots,  representing  ether 
particles,  will  be  seen  to  move  up  and  down  on  the  screen 
without  advancing,  but  the  waves  formed  b}^  the  dots 
move  on. 

At  21,  Plate  VIII.,  is  shown  a  device  for  illustrating  the 
compression  and  rarefaction  of  air  in  sound  waves.  This 
slide  differs  from  the  other  in  having  a  single  straight  slit  on 
one  glass,  and  on  the  other  glass  a  series  of  sinuous  slits 
gradually  advancing  in  position  in  the  series.  By  moving 
the  long  plate  over  the  short  one,  series  of  dots  represent- 
ing air  particles  will  be  seen  to  advance  toward  and  recede 
from  each  other. 

At  22  is  shown  a  vertical  tank  which  is  thin  enough  to 


6o4 


EXPERIMENTAL    SCIENCE. 


Figs,   i^-jb  and  577. 


enter  in  the  place  of  a  slide  in  the  lantern.  This  tank  is 
formed  of  two  plates  of  glass  and  a  segment  of  a  fruit  jar 
packing  ring.  If  one  ring  is  not  thick  enough,  two  may  be 
used.  The  rings  are  coated  on  opposite  sides  with  rubber 
cement,  and  immediatel}-  placed  in  position,  and  the  glasses 

are  bound  together  b}'  means 
of  stout  thread  or,  better,  fine 
wire. 

The  following  are,  in  brief, 
some  of  the  experiments  to 
be  tried  with  this  tank.  Place 
in  it  clean  water,  and  while 
it  is  in  the  lantern  drop  in  a 
small  quantity  of  ink. 

Tr}'  alcohol  or  glycerine  in 
water,  in  the  same  way.  Put 
in  a  weak  solution  of  nitrate 
of  silver,  add  a  small  drop  of 
solution  of  common  salt.  To 
a  weak  solution  of  blue  lit- 
mus add  a  little  vinegar  or  other  acid.  The  solution  turns 
red  ;  add  a  little  ammonia,  and  the  solution  again  becomes 
blue.  These  are  striking  experiments,  and  there  are  many 
others  equalh'  good.  By  placing  two  wires  in  the  tank, 
filled  with  acidulated  water,  as  at  24,  and  attaching  a  bat- 
tery of  sufficient  power  p 
to  the  wires,  the  decom- 
position of  water  may  be 
shown. 

At  25,  Plate  VIIL,  is 
shown  a  device  for  ex- 
hibiting refraction.  A 
card,  having  a  slit  one-  ^'"^'  ^'^°"*"5  '"^^  ^'""^  °f  '^^  ^y^- 
sixteenth  of  an  inch  wide  and  about  two  inches  lona:,  is 
placed  in  the  lantern,  and  in  front  of  it  is  held  a  strip  of 
plate  glass.  So  long  as  the  glass  is  parallel  with  the  card, 
no  effect  is  produced  ;  but  when  the  glass  is  held  at  an 
angle  with  the  face  of  the  card,  the  line  of  light  passing 
through  the  slit  is  bent  aside  or  refracted. 


Perforated  Tin  and  Apertured 
Disk. 
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Magnetic  curves  (26)  are  shown  on  the  screen  by  placing 
the  magnet  on  the  vertical  attachment,  placing  on  the  mag- 
net a  glass  plate,  sprinkling  on  the  glass  a  few  iron  filings, 
and  then  gently  tapping  the  glass  to  cause  them  to  arrange 
themselves  in  curves. 

The  chemical  thermometer  (27)  is  projected  after  warm- 
ing it  until  it  is  quite  blue,  then  dipping  it  into  a  glass  of 
cold  water  in  the  field  of  the  lantern.  The  changes  from 
blue  to  pink  are  very  pretty.  The  change  begins  at  the 
outside. 

By  coating  glasses  with  solutions  of  various  salts, 
crystallization  may  be  seen  in  progress  on  the  screen. 

By  means  of    a  simple  magnetic  needle  mounted  on  a 

Fig.  579. 
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Light-Wave  Slide. 

point  cemented  to  a  glass  plate,  and  used  in  the  vertical 
attachment,  various  experiments  in  magnetism  may  be  per- 
formed. 

No  attempt  has  been  made  to  treat  the  subject  exhaus- 
tively, but  enough  has  been  suggested  to  show  that  a  con- 
siderable amount  of  experimentation  may  be  done  with  a 
cheap  lantern  and  easily  made  accessories. 

MICROSCOPIC    PROJECTION. 

The  toy  lantern,  and  the  inexpensive  microscope  de- 
scribed in  previous  chapters,  are  pressed  into  the  service  of 
microscopic  projection,  the  lantern  serving  as  the  illumina- 
tor, the  microscope  stand  as  a  support  for  the  object,  and 
the  eyepiece  of  the  microscope  as  a  projecting  objective. 
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To  arrange  the  microscope  for  projection,  the  focusing- 
tube  is  withdrawn  from  its  guide,  the  draw  tube  is  removed 
from  the  focusing  tube  and  inserted  in  the  place  of  the 
latter,  after  being  wrapped  with  one  or  two  thicknesses  of 
paper  to  make  it  fit.  The  eyepiece  is  now  inserted  bottom 
up  in  the  draw  tube,  that  is,  with  the  eye  lens  next  the  stage 
of  the  microscope.  The  tube  is  then  turned  down  into  a 
horizontal  position,  as  shown  in  the  engraving  (Fig.  580),  an 
object  of  some  kind  is  placed  on  the  stage,  and  the  lantern 
is  arranged  so  as  to  project  a  bright,  sharp  image  of  the 
iiame  upon  the  back  of  the  object.  The  illuminating  power 
of  the  lamp  may  be  increased  by  turning  its  flame  edgewise 
or  at  angle  of  45°. 

A  screen,  preferably  of  white  cardboard,  is  placed  about 
five  feet  distant  from  the  microscope,  and  the  image  is 
focused  by  sliding  the  draw  tube.  The  room  in  vi^hich 
the  microscope  is  used  must  be  made  as  dark  as  possible. 
With  these  appliances,  ordinary  objects  may  be  projected  so 
as  to  be  easily  visible  to  twelve  or  fifteen  persons.  The 
nearer  the  scene  is  to  the  microscope,  the  brighter  will  be 
the  image. 

The  eyepiece  belonging  to  this  microscope  is  of  the  nega- 
tive kind,  that  is,  the  image  is  formed  between  the  eye  lens 
and  the  field  lens,  when  the  eyepiece  is  used  in  the  regular 
way.  Very  good  results  may  be  secured  by  the  use  at  a 
single  lens.  Either  of  the  lenses  of  the  eyepiece  may  be 
used  by  removing  the  other,  but  in  this  case  the  diaphragm 
must  be  taken  out  to  allow  the  full  beam  of  light  to  pass. 

The  objects  that  ma)'  be  shown  in  this  way  are  the  larger 
animalcules  found  in  stagnant  water,  parts  of  insects,  sec- 
tions of  wood,  stems,  leaves,  etc.,  cr3'stals,  woven  fabrics, 
feathers,  etc.  The  objects  selected  should  be  as  thin  as 
possible,  and  if  unmounted  should  be  pressed  flat  between 
two  glasses.  An  inexpensive  cell  for  containing  objects  in 
water  may  be  made  by  pressing  two  plates  of  glass,  one 
inch  wide  and  three  inches  long,  upon  opposite  sides  of  one 
or  two  segments  of  a  rubber  fruit  jar  ring,  and  binding  the 
glasses  together  upon  the  rubber  by  means  of  very  strong 
thread. 
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Some  care  is  necessary  in  placing  the  microscope  tube 
and   lantern  tube   axially   in    line.     It  is  necessary  to   sup- 


port the  microscope  at  such  a  heio-ht  as  to  cause  the 
brightest  part  of  the  image  of  the  flarne  to  fall  upon  the 
object.     A  clear,  sharp  image  may  be  produced  in  the  man- 
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ner  described,  but  of  course  its  size  is  limited  by  the 
amount  of  light  available.  With  a  strong  light,  such  as  is 
used  in  larger  lanterns,  the  size  of  the  image  may  be  greatly 
increased. 

OXYHYDROGEN     BURNER. 

A  small  oxyhydrogen  burner  may  be  used  to  advantage 
in  connection  with  the  toy  lantern.  The  concentric  or  an- 
nular form  of  blowpipe,  in  which  the  gases  are  mingled  as 

Fig.   581. 


Annular  Oxyhydrogen   Burner. 

they  issue  from  their  respective  orifices,  is  perfectly  safe,  it 
being  impossible  for  the  gases  to  mix  in  the  tubes  or  gas 
holders.  In  this  burner  the  central  or  oxygen  tube  has  a 
conical  end  with  a  central  orifice  0-03  inch  in  diameter.  The 
hydrogen  tube  is  provided  with  an  adjustable  cap,  having  a 
central  orifice  Q- 1  inch  in  diameter.  The  cap  is  conical  in- 
ternally and  externallv,  and  when  properly  adjusted,  as 
shown  in  the  sectional  view,  the  thin  space  between  the  inter- 
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nal  surface  of  the  cap  and  the  conical  end  of  the  oxygen  tube 
forms  a  passage  tor  the  hydrogen,  which  directs  it  across 
the  path  of  the  jet  of  oxygen.  By  this  simple  device  the 
gases  are  intimately  mixed  at  the  moment  of  ignition,  and 
the  result  is  a  clear,  intense  light  with  no  superfluous  ffame 
and  with  comparatively  little  free  heat.  The  performance 
of  the  burner  compares  favorably  with  those  that  mix  the 
gases  inside,  while  it  is  perfectly  safe,  and  ma)'  be  used  with 
a  gas  cylinder  or  bag  of  oxygen,  and  with  ordinary  illum- 
inating gas  at  the  usual  pressure. 

A  simple  and  effective  device  for  turning  and  elevating 
the  lime  holder  is  shown  in  the  cut.  It  consists  of  a  spiral 
spring  soldered  to  the  lime  holder  spindle,  and  secured  to  a 
rod  extending  to  the  back  of  the  lantern.  It  is,  in  fact,  a 
small  use  of  the  "  flexible  shaft."  By  turning  the  rod,  the 
hme  is  turned  and  elevated. 

THE   SCIENTIFIC   LANTERN. 

In  lantern  projection,  as  in  all  other  scientific  work,  the 
best  results  can  be  obtained  only  by  employing  the  best 
means.  While  a  cheap  lantern  may  have  considerable  utility, 
it  cannot  fully  satisfy  modern  requirements  in  the  line  of 
scientific  projection.  In  Fig.  582  is  illustrated  a  lantern 
which  is  adapted  to  all  kinds  of  projection,  and  which  may 
be  readily  shifted  from  one  kind  of  work  to  another.  It  is 
provided  with  an  oxyhydrogen  burner  and  with  an  electric 
lamp,  either  of  which  may  be  used  at  pleasure.  It  may  be 
very  quickly  arranged  as  a  vertical  lantern,  and  all  of  the 
attachments  are  constructed  so  that  they  may  be  placed  at 
once  in  the  position  of  use  without  the  necessity  of  align- 
ment and  adjustment  in  each  case. 

The  frame  of  the  lantern  consists  of  cast  iron  end  pieces 
having  rectangular  legs  attached  to  the  base.  To  the  sheet 
iron  top  is  attached  a  tall  chimney,  having  a  cowl  at  the 
upper  end  for  confining  the  light.  Opposite  sides  of  the 
upper  portion  of  the  frame  are  provided  with  hinged  sheet 
iron  doors.  The  lower  part  of  the  lantern  frame  is  provided 
with  hinged  removable  doors,  which  may  be  used  to  close  in 
the  hght. 
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The  front  is  furnished  with  a  plate  hinged  to  swing  in  a 
vertical  plane,  and  provided  with  a  cell  for  containing  the 
outer  lens  of  the  condenser.  The  axis  of  this  lens  cell  coin- 
cides with  that  of  a  similar  cell  supported  by  the  iront  end 
piece  of  the  frame  and   containing  the  inner  lenses  of  the 

Fig.  5S2. 
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Scientific  Lantern. 


condenser.  The  inner  lens  of  the  condenser  is  a  plano- 
convex, 4  inches  in  diameter  and  of  8  inch  focus,  arranged 
with  its  plane  side  toward  the  light.  The  two  outer  lenses 
are  plano-convex,  5  inches  in  diameter  and  8  inches  focus, 
arranged  with  the  convex  faces  adjoining.  The  distance 
between  the  lenses  is  ji  inch.     The  combined  focal  lensfth 
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is  aoout  2  inches,  measured  from  the  plane  face  of  the  rear 
lens. 

Prof.  A.  K.  Eaton,  of  Brooklyn,  has  devised  a  condenser 
in  which  the  inner  lens  is  a  meniscus  and  the  outer  and 
larger  ones  are  crossed  lenses.  It  is  used  in  many  scientific 
lanterns  and  is  ver}^  effective. 

The  outer  or  movable  lens  cell  projects  beyond  the 
hinged  plate,  and  receives  a  split  ring  provided  with  a 
shallow  internal   groove,  which   fits   over   a   corresponding 


Fig.  583. 


Microscope  Attachment. 


circumferential  rib  on  the  lens  cell.  This  split  ring  has  a 
tangent  screw  for  drawing  it  together,  so  as  to  cause  it  to 
clamp  the  lens  cell.  It  is  also  furnished  with  an  ear,  into 
which  is  screwed  a  bar  parallel  with  the  axis  of  the  lens.  To 
this  bar  are  fitted  the  slide  support,  the  supports  of  the  pro- 
jecting lenses,  the  apparatus  for  microscopic  projection,  the 
polariscope,  the  adjustable  table  for  holding  tanks,  pieces  of 
apparatus,  etc. 

As  represented  in  Fig.  582  the  lantern  is  arranged  for 
projection  of  pictures,  diagrams,  and  such  pieces  of  appa- 
ratus as  will  go  in  the  place  of  an  ordinary  lantern  slide. 
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The  objective  is  a  one-quarter  portrait  lens  of  good  quality. 
For  the  support  of  tanks  and  other  vessels  for  projection 
the  table,  i,  shown  in  Fig.  583,  is  used  in  place  of  the  slide 
holder. 

The  attachments  shown  in  Fig.  583  are  employed  for  the 
projection  of  microscopic  objects.  The  engraving  shows  the 
polariscope  in  place ;  but  this  may  be  removed  by  simply 
taking  the  short  tubes  which  contain  the  prisms  of  the  polar- 
izer and  anal3rzer  out  of  the  sleeves,  g  f.  The  stage  is  ar- 
ranged so  that  it  may  be  revolved  either  with  or  independ- 

FiG.   5S4. 
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Lantern  Polariscope. 


ently  of  the  polarizer,  and  the  latter  may  be  revolved  inde- 
pendently of  the  stage.  The  objectives  are  supported  b)^  a 
movable  plate,  which  swings  so  as  to  bring  either  of  the 
objectives  into  the  position  of  use.  A  small  conically  pointed 
spring  bolt  locks  this  plate  in  either  of  its  three  positions. 
When  it  is  desired  to  use  a  larger  objective,  the  plate 
may  be  swung  below  the  supporting  bar,  when  the  objective 
may  be  inserted  in  the  sleeve,/.  This  arrangement  ad- 
mits of  applying  a  system  of  lenses  for  wide-angled  crys- 
tals. 

In  the  projection  of  microscopic  or  jDolariscopic  objects 
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it  is  advisable  to  always  interpose  the  alum  cell  or  water 
tank,  Ii,  between  the  condenser  and  the  Nicol  prism  or  the 
object,  to  intercept  the  heat,  and  thus  prevent  injury  to  the 
prism  or  object. 

The  table,  /,  which  supports  the  tank,  //,  is  made  adjust- 
able as  to  height  to  accommodate  different  objects  or  pieces 
of  apparatus.  In  front  of  the  microscope  attachment  is 
supported  a  centrally  apertured  disk,  which  prevents  stray 
light  from  reaching  the  screen. 

The  sleeve  that  supports  the  objective  holder  and  the 
sleeve,/,  slides  on  the  tube,  a,  fitted  to  the  support  bar,  and 
is  provided  with  a  pinion  which  meshes  into  the  rack  on  the 
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Application  of  the  Ninety  Degree  Prism. 


tube,  a.  By  means  of  this  pinion  the  objectives,  together 
with  tlie  sleeve,/,  are  moved  out  or  in  for  focusing. 

In  Fig.  585  is  represented  a  polariscope  for  large  objects, 
which  is  constructed  according  to  the  plan  of  Delezenne, 
but  modified  by  the  writer  so  as  to  utilize  a  right-angled 
totally  reflecting  prism,  such  as  is  used  for  presenting 
objects  right  side  up  on  the  screen;  also  for  throwing 
the  beam  horizontally  from  the  vertical  attachment,  as 
will  be  described  later  on. 

The  black  glass  polarizing  mirror,  d,  is  arranged  at  the 
polarizing  angle  in  the  path  of  the  cone  of  light  proceeding 
from  the  condenser.  Below  the  mirror,  d,  is  supported  the 
right-angled  prism  with  its  reflecting  side  parallel  with  the 
mirror,  d.      The   beam  of  light  thrown  downward   by  the 
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black  glass  is  thrQwn  forward  by  the  prism.  A  revoluble 
stage,  t,  and  a  tube,  </,  containing  an  objective  and  anah'zing 
prism,  are  supported  with  their  axes  coincident  with  that  of 
the  light  beam  proceeding  from  the  prism,  c.  Focusing  is 
effected  as  in  the  other  case.  This  arrangement  is  par- 
ticularly adapted  to  the  projection  of  designs  in  selenite  or 
mica,  mica  cones,  semi-cvlinders,  and  specimens  of  strained 
glass. 

There  is  an  inappreciable  loss  resulting  from  the  angle 
formed  by  the  90"  sides  of  the  prism  with  the  incident  and 
emergent  beams.  The  polarizer  works  very  perfectly  and 
costs  only  a  small  fraction  of  the  amount  required  to  pur- 
chase a  Nicol  prism  of  the  same  capacity.  It  cannot,  of 
course,  be  reyolved  ;  but  the  object  and  the  analyzer  can  be 
turned,  which  is  sufficient.  Very  good  results  can  be  secured 
by  employing  a  plane  mirror  in  ])lace  of  the  reflecting  prism. 
The  bar  which  projects  from  the  front  of  the  lantern  is  made 
in  two  sections,  connected  by  a  close-fitting  bayonet  joint  to 
giye  it  sufficient  length  to  receive  the  various  attachments. 
Its  under  surface  is  provided  with  a  V-shaped  groove  for 
receiving  V-shaped  gibs,  carried  by  the  sleeves  of  the  clamp- 
ing screws  and  guided  by  slots  in  the  sleeves.  When  it  is 
desired  to  drop  any  attachment  out  of  the  way  temporarily, 
the  clamping  screw  ma}'  be  loosened,  and  the  attachment 
may  be  turned  down  below  the  supporting  bar. 

For  such  objects  as  must  lie  in  a  horizontal  position  when 
projected,  the  hinged  plate  which  supports  the  outer  half  of 
the  condenser  is  raised  into  a  horizontal  position,  and  a  tri- 
angvdar  casing  containing  a  mirror  is  placed  underneath  it. 
The  attachment  is  provided  with  short  studs,  which  enter 
the  front  of  the  lantern  and  the  hinged  plate,  and  hold  it  in 
position.  The  reflecting  prism  (Fig.  585),  or  a  plane  mirror, 
is  placed  over  the  objective  to  direct  the  light  to  the 
screen. 

To  prevent  the  escape  of  stra}-  light,  a  wire  frame  is 
attached  to  the  body  of  the  lantern,  so  as  to  support  a  black 
cloth  canopy,  which  covers  the  entire  front  of  the  lantern 
and  extends  downward  below  the  support  bar.  It  is  pro- 
vided with  an  aperture  in  front  for  the  passage  of  the  pro- 
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jected  beam.  In  addition  to  this  protection,  the  larger 
objectives  ma}'  be  provided  with  disks  like  that  shown  in 
Fig-  583-  It  may  also  be  provided  with  a  hollow  Cone, 
extending  from  the  rear  end  of  the  objective  toward  the 
object. 

These  precautions  in  regard  to  the  escape  of  light  are 
particularly  necessary  in  microscopic  and  polariscopic  pro- 
jection, which  require  a  thoroughly  darkened  room.  In  the 
projection  of  plain  microscopic  objects,  it  is  found  advan- 
tageous to  place  a  plano-convex  lens  of  three-fourths  inch 
focus  behind  the  stage.  In  many  cases  a  parallel  beam  of 
light  is  required  for  polarization.  This  may  be  secured  by 
introducing  into  the  cone  of  light  a  piano  or  double  concave 
lens  of  the  proper  curvature. 

An  analyzer,  formed  of   a  series  of   thin  glass  plates,  and 

Fig.    536(1. 


Course  of  the   Rays  through  the   Erecting  Prism. 

arransred  to  shcjw  both  transmitted  and  reflected  beams,  is 
desirable.  By  a  second  reflection  of  the  reflected  beam  it 
may  be  combined  with  the  transmitted  beam,  showing  that 
the  reunion  of  the  complementary  colored  beams  produces 
white  light. 

In  Figs.  585  and  586  are  shown  two  applications  of  the 
90'  prism.  In  Fig.  586  it  is  shown  in  position  for  erecting 
the  image  produced  by  the  lantern.  The  course  of  the  rays 
is  clearly  indicated  in  Fig.  586rt. 

The  totally  reflecting  prism,  when  used  to  render  the 
beam  horizontal  in  a  vertical  lantern,  is  arranged  as  shown 
in  Fig.  585  ;  /.  f.,  with  one  of  its  faces  at  right  angles  to  the 
beam,  and  with  its  reflecting  face  at  an  angle  of  45'  with  the 
beam,  or  approximately  so. 

Probably  the  most  desirable  source  of  light  f(jr  all  pur- 
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poses  is  the  ox3-hydrogen  or  calcium  light.  The  burner 
shown  in  Fig.  581  is  an  excellent  one.  It  is  provided  with  a 
platinum-tipped  jet  and  is  arranged  for  every  adjustment. 
The  lime  cylinder  can  be  revolved  and  raised  or  lowered. 
The  jet  may  be  adjusted  relatively  to  the  lime  so  as  to 
secure  the  best  results.  As  the  gases  are  mixed  inside  the 
burner,   thev   should   be   taken  from  tanks  or  cylinders  in 


Fig.   5S7. 


Arrangement  of  Electric  Candle  for  Lantern  Use. 


which  considerable  pressure  is  maintained.  Gas  bags  are 
unsafe  when  used  in  connection  with  a  burner  of  this  kind. 
In  the  electric  lamp  shown  in  Fig.  587,  a  Jablochkoff  can- 
dle is  employed.  It  is  superior  to  the  calcium  light,  and 
gives  very  little  trouble  when  an  alternating  current  is 
available.  The  carbons  being  presented  end  on  to  the  object, 
yield  nearly  all  their  light  in  one  direction,  so  that  the  loss 
of  light  is  less  than  in  the  case  of  the  ordinary  arc  lamp. 
The  candle  is  coincident  with  the  prolongation  of  the  axis 
of  a  helix  supported  near  the  luminous  point.     The  current 
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that  supplies  the  candle  passes  through  the  helix.  In  con- 
sequence of  this,  the  arc  is  drawn  to  the  end  of  the  candle 
in  opposition  to  its  tendency  to  follow  the  carbon  rods. 
The  candle  can  be  moved  forward  as  it  is  consumed 
by  grasping  the  insulating  handle  at  the  rear  end.  Electri- 
cal contact  is  established  with  the  rods  by  two  copper 
springs  contained  in  the  revoluble  support  of  the  candle. 
When  a  direct  current  is  used,  a  quick-acting  current-re- 
versing switch  is  required,  as  in  this  case  the  current  must 
be  reversed  frequentl}^  to  cause  the  carbons  to  burn  evenly. 
The  improvements  in  the  lantern  and  the  attachments 
thus  described  are  the  result  of  a  long  experience  with  lan- 
terns of  various  kinds.  It  is  believed  that  it  fulfills  most 
requirements.  It  can  readily  be  adapted  to  all  the  uses 
for  which  a  scientific  lantern  is  required. 

LANTERN    E.XPERIMENTS. 

The  engravings  represent  a  few  examples  of  the  projec- 
tion of  simple  physical  experiments  upon  the  screen.  Be- 
sides a  lantern,  a  few  glass  tanks  with  parallel  sides  will  be 
required.  These  are  preferably,  but  not  necessarily,  made 
of  three  pieces  of  plate  glass,  one  a  thick  piece,  having  the 
shape  of  the  cavity  cut  out  of  it,  the  others  simpl)-  flat 
pieces,  attached  to  the  opposite  sides  of  the  first  b)'  means 
of  marine  glue  or  other  suitable  cement. 

A  cell  made  of  plates  of  glass  clamped  on  opposite  sides 
of  a  bent  rubber  strip  serves  a  good  purpose.  It  is  a  great 
convenience  to  have  several  of  each  kind,  so  that  prepara- 
tions for  projection  may  be  made  at  leisure. 

In  Fig.  588  is  shown  the  well-known  experiment  illus- 
trating cohesion.  In  the  tank  is  placed  a  mixture  of  alco- 
hol and  water,  having  the  same  specific  gravity  as  olive  oil. 
Into  the  mixture  is  very  carefuU)'  introduced  a  globule  of 
olive  oil,  which  may  be  colored  or  not.  The  oil  assumes 
a  perfectly  spherical  form,  and  produces  a  very  interesting 
image  on  the  screen. 

In  Fig.  589  is  shown  the  method  ot  projecting  the  expe- 
riment in  which  the  volume  of  equal  parts  of  alcohol  and 
water  is  less  when  they  are  combined  than  it  is  when  they 
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are  separate.  The  tank  has  a  large  chamber  with  a  narrow 
neck.  The  chamber  is  divided  in  the  center  by  a  remova- 
ble partition  having  soft  rubber  edges.  Water  is  introduced 

Fig.   58S. 


Cohesion. 


into  one  division  of  the  chamber,  and  slightly  colored  alco- 
hol is  placed  in  the  other  division.  The  water  and  the 
alcohol  are  level  with  a  mark  on  the  glass.  On  turning  the 
partition,  the  water  and  alcohol  mix,  and  the  level  of  the 

Fig.   5S9. 


Reduction  of  Volume  by  Mixture. 

mixture  immediatel)-  falls  some  distance  below  the  mark  on 
the  glass.  After  a  thorough  mixture  of  the  liquids,  the  par- 
tition may  be  replaced  in  its  first  position. 
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By  arranging  a  tank  with  a  partition  near  one  end,  as 
shown  in  Fig.  590,  the  experiment  in  which  a  large  amount 
of  cotton  is   introduced    into   a  vessel   filled    with   alcohol. 

Fig.   590. 


Cotton  and   Alcohol  Experiment. 

without  causing  it  to  overflow,  may  be  repeated  so  as  to 
show  it  on  the  screen.  The  smaller  compartment  of  the 
tank  is  filled  with  alcohol,  and  in  the  larger  compartment  is 
placed  a  quantity  of  loose  cotton.     This  is  gradually  trans- 


Absorption  of  Gas  by  Charcoal. 

ferred  from  the  larger  to  the  smaller  compartment,  by 
means  of  a  pair  of  fine  tweezers,  without  causing  the  alco- 
hol to  overflow. 
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The  absorption  of  gases  b_y  charcoal  is  readih'  shown  in 
the  manner  illustrated  in  Fig.  591.  A  glass  tube,  open  at 
both  ends,  is  dipped  in  mercur_v  contained  in  the  bottom  of 
the  tank.  A  cork  is  fitted  to  the  upper  end  of  the  tube. 
Carbonic  acid  is  poured  into  the  tube,  then  a  piece  of 
freshly  heated  charcoal  is  dropped  in,  and  the  cork  is  in- 
stantly replaced.  The  charcoal  absorbs  the  gas  rapidly, 
creating  a  partial  vacuum,  which  causes  the  mercury  to  rise 
in  the  tube  to  a  considerable  height. 

In  Fig.  592  is  shown  a  tank  containing  four  liquids  of 
different  densities,  the  densities  decreasing  from  the  bottom 

Fig.  592. 


Equilibrium  of  Liquids, 


upward.  This  is  simply  the  well  known  experiment  of  the 
"  vial  of  four  elements."  The  liquids  are  mercury,  a  satu- 
rated solution  of  carbonate  of  potash  in  water,  colored  alco- 
hol, and  kerosene  oil.  This  simple  experiment  is  very  inter- 
esting when  performed  in  the  usual  way  ;  but  when  it  is 
projected  upon  the  screen,  the  struggle  of  the  different 
liquids  to  regain  equilibrium,  after  having  been  thoroughly 
stirred  up,  is  striking. 

A  simple  and  efficient  rotator,  in  which  the  means  of 
communicating  rotary  motion  does  not  appear  onthe  screen, 
is  shown  in  Figs.  593  and  594.  In  this  apparatus  a  glass 
wheel,  provided  with  a  brass  rim,  is  furnished  with  a  shaft 
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which  turns  in  a  hole  bored  in  the  center  of  a  thick  glass 
supporting  disk.  The  brass  rim  of  the  wheel  is  provided 
with  a  series  of  radial  vanes,  also  with  three  clamping 
screws  bearing  on  springs  in  the  interior  of  the  rim  for 
clamping  the  objects  to  be  rotated.     A  nozzle  attached  to 


Fig.  593. 


Rotator  for  the  Lantern. 


Fig.  594, 


Section  of  Rotator. 


the  back  piece  is  arranged  to  direct  a  jet  of  air  upon  the 
vanes,  and  thus  cause  the  glass  wheel  to  revolve.  A 
Fletcher  blowpipe  bellows  furnishes  a  suitable  blast  for 
this  purpose. 

To  the  rim  of  the  arlass  wheel  are  fitted  disks  for  blend- 


FlG,   595. 


Newton's  Disks. 

ing  colors  Among  these  are  Newton's  disks,  Fig.  595,  in 
one  of  which  the  colors  of  the  spectrum  are  four  times  re- 
peated, also  a  Brewster's  disk.  These  disks  are  made  by 
attaching  colored  films  of  gelatine  to  glass,  or  by  tinting  the 
glass  by  means  of  colored  lacquer.     The  rotator  is  also  pro- 
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Fig.   5g6. 


vided  with  a  circular  cell  filled  with  the  liquids  of  different 
densities,  to  which  allusion  has  been  made  in  a  previous 
article.  This  cell,  when  at  rest,  appears  as  in  Fig.  597,  and 
when  in  motion  as  in  Fig.  598,  the  different  liquids  being 
compelled  to  assume  certain  relations  with  each  other  by 
centrifugal  force,  the  heavier  liquid,  a,  taking  the  position  as 
far  from  the  center  of  rotation  as  possi- 
ble, the  liquids,  b,  c,  d,  arranging  them- 
selves in  the  order  of  their  densities. 

The  lantern  slide  shown  in  Fig.  599 
forms  a  beautiful  object  for  projection 
on  a  screen.  The  slide,  which  is  fitted 
to  the  lantern,  has  a  circular  aperture 
for  the  passage  of  light,  and  is  provided 
with  two  springs  for  holding  two 
pieces  of  plate  glass  connected  together 
with  Canada  balsam.  The  upper  and  inner  corners  of  the 
glass  are  beveled  up  to  within  a  short  distance  of  the  ends, 
forming  a  groove  or  trough  for  the  reception  of  an  aqueous 
solution  of  some  of  the  aniline  colors.  A  lever  carrying  a 
pointed  knife  for  separating  the  glasses  is  pivoted  in  the 
upper  portion  of  the  slide.     At  the  ends  of  the  glasses  the 


Brewster's  Disk. 


Fig.   597. 


Action  of  Centrifugal  Force  on  Liquids. 


beveled — as    shown   in    the   small 
a   portion   of    the    surplus  balsam 


two  jommg    edges   are 
detail  view — to  receive 
pressed   from  between  the  glasses.     This  extra  balsam  pre- 
vents the  entrance  of  air  from  the  ends  of  the  glasses. 

The   groove   formed   between   the   upper  edges   of  the 
glasses  being  treed  from  balsam,  is  filled  by  means  of  a  pipette 
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with  a  strong  aqueous  solution  of  one  of  the  more  brilliant 
aniHne  colors,  and  the  slide  is  placed  in  the  lantern.  Now, 
by  gradually  pressing  down  the  lever,  the  glasses  are  sep- 
arated by  the  entrance  of  the  knife  between  their  edges. 
The  arborescent  forms  grow  downward  in  the  slide,  and 
the  aniHne  color  fills  them,  while  upon  the  screen  huge 
ferns  and  cacti  grow  up  with  great  rapidity.  Any  of  the 
brighter  aniline  colors  will  answer,  but  green  seems  the 
most  appropriate,  as  the  exquisite  forms  that  appear  on  the 
screen  resemble  leaves  and  vegetation  more  than  anything 
else. 

Fig.  599. 


Lantern  Slide  for  projecting  Arborescent  Forms. 


Without  the  application  of  color,  the  balsam  yields 
images  which  closely  resemble  richly  embossed  white  satin, 
the  form  of  the  figures  being  substantially  like  those  shown 
in  the  engravings.  Any  viscid  substance  such  as  vaseline  or 
lard  will  exhibit  this  phenomenon,  but  the  balsam  gives  the 
best  results. 

The  annexed  engraving  shows  an  inexpensive  and  verj' 
simple  and  effective  device  for  exhibiting  the  action  of  the 
circulating  fountain  upon  a  screen.  It  consists  of  a  glass 
tube  of  small  diameter  bent  into  the  form  of  a  volute,  with 
the  inner  end  of  the  tube  extended  laterally,  and  then  bent 
vertically  and  provided  with  a  funnel  at  the  upper  extrem- 
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ity.  The  tube  at  the  outer  end  of  the  spiral  is  bent  out- 
ward radially,  then  downward  at  right  angles.  The  tube 
thus  bent  is  mounted  on  a  board  having  a  circular  aperture 
a  little  larger  than  the  spiral,  so  that  the  entire  spiral  may 
be  strongl)^  illuminated,  while  the  ends  of  the  tube  leading 
to  and  from  the  spiral  are  concealed  by  the  board. 

Above  the  funnel  is  supported  a   reservoir  with  a   fine 
ajutage,     the     reservoir    being    provided   with    a   pointed 

Fig.  600. 


Circulating  Fountain  for  Projection. 


wooden  rod  which  extends  down  into  the  tube  at  the  lower 
end  and  forms  a  valve  for  regulating  the  flow  of  liquid. 

The  liquid  employed  is  water  to  which  has  been  added 
some  coloring  matter,  such  as  aniline  blue,  red,  or  green. 
A  few  drops  of  aniline  red  ink  answers  for  this  purpose. 

The  flow  of  the  liquid  is  started  by  loosening  the  valve, 
so  that  the  water  drops  regularly  into  the  funnel  of  the  tube 
below.  The  drops  should  fall  so  as  to  include  air  spaces 
between   them.     The   Hquid,  as   it   issues   from  the   down- 
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wardly  turned  end  of  the  spiral,  is  received  in  a  cup,  by 
which  it  may  be  returned  to  the  reservoir  to  be  used  again. 

When  it  is  desired  to  accelerate  the  motion  of  the 
liquid  in  the  tube,  a  short  rubber  pipe  is  connected  with  the 
downwardly  turned  end  of  the  glass  tube. 

The  glass  tube  is  about  one-sixteenth  inch  internal  dia- 
meter, and  the  spiral  is  three  and  one-half  inches  in  dia- 
meter. 

When  the  fountain  is  in  operation,  the  material  of  the 
spiral  appears  to  revolve,  but  each  convolution  at  a  differ- 
ent rate  of  speed,  owing  to  its  increasing  diameter.  When 
projected  with  a  good  lantern  and  a  strong  light,  it  becomes 
a  very  interesting  object. 

The  experiment  illustrated  in  Fig.  601  shows  the  great 
elasticity  of  certain  solid  bodies  and  the  almost  total  want 
of  elasticity  in  other  solid  bodies.  fig.  601. 

This   experiment   is   introduced  ^ 

here  mainly  on  account  of  its 
adaptability  to  projection  with 
a  lantern.  A  thick  plate  of 
glass,  a  small  slab  of  marble,  or 

1      . .  1  r    .  J       J.      1  Elasticity  of  Solid   Bodies. 

better,  a  bar  01  tempered    steel, 

is  supported  so  that  its  upper  surface  appears  in  the  field 
of  the  lantern.  A  small  glass  ball,  or  a  f  or  ^  inch  hardened, 
ground,  and  polished  steel  ball,  such  as  is  made  by  the 
Simonds  Manufacturing  Company  for  ball  bearings,  is 
dropped  upon  the  glass  or  steel  from  a  measured  height 
within  the  field  of  the  lantern.  The  impact  compresses  the 
ball  and  the  plate.  At  the  instant  following  the  stopping 
of  the  ball,  the  ball  and  the  plate,  by  their  own  elasticity, 
return  to  their  normal  condition,  and  the  force  stored  by 
the  impact  is  given  out  instantaneously,  forcing  the  ball 
back  toward  the  point  of  starting.  If  undisturbed,  the  ball 
will  fall  and  rebound  again  and  again,  losing  a  little  of  its 
force  each  time  until  it  finally  comes  to  rest. 

By  substituting  a  lead  plate  for  the  glass  or  steel  plate, 
or  by  substituting  a  lead  ball  for  the  glass  or  steel  one,  it  is 
found  that  the  force  acquired  b}^  the  ball  in  its  descent  is 
expended  mainly  in  changing  the  form  of  the  plate  or  ball, 
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and  that  as  the  inelastic  nature  of  the  material  prevents  it 
regaining  its  former  shape,  there  can  be  no  rebound,  as  in 
the  other  case. 

The  property  of  elasticity  is  also  shown  by  the  collision 
balls  illustrated  in  Fig.  602.  This  well  known  experiment  is 
adapted  to  the  lantern,  and  shows  well  on  the  screen.  Six 
of  the  steel  balls  already  referred  to  or  six  small  glass  balls 
or  marbles  are  required.  Each  ball  is  provided  with  a  small 
metallic  eye,  which  is  attached  by  means  of  cement  or 
fusible  metal  used  as  a  solder.  Five  of  the  balls  are  sus- 
pended from  the  two  wire  supports  by  fine  silk  threads,  so 
that  they  all  hang  in  line  and  touch  each  other  very  lightly. 
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The  sixth  ball  is  suspended  by  a  wire,  which  is  bent  down 
between  the  supports  to  receive  a  thread  which  extends 
through  an  eye  attached  to  the  supports  and  serves  to  draw 
back  the  sixth  ball.  The  thread  by  which  the  ball  is  moved 
is  not  noticeable,  as  it  is  partly  or  wholly  concealed  by  the 
supports.  By  drawing  back  this  ball  in  the  manner  indi- 
cated, and  then  allowing  it  to  fall,  its  impact  will  slightly 
flatten  the  ball  with  which  it  comes  into  contact,  and  each 
ball  in  turn  transmits  its  momentum  to  the  next,  and  so  on 
through  the  entire  series.  The  last  of  the  series  is  thrown 
out  as  indicated  in  dotted  lines,  and  upon  its  return  its  im- 
pact produces  the  same  i-esult  as  that  already  described,  but 
the  effects  are  in  a  reverse  order. 
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A  very  simple,  pleasing,  and  at  the  same  time  instructive 
lantern  experiment  is  illustrated  in  Fig.  603.  A  lodestone 
supported  by  a  brass   wire  from  the  baseboard  is  arranged 


Fig 


Magnetization  by  Lodestone. 

to  project  into  the  field  of  the  lantern  without  showing  the 
wire.  Under  the  lodestone  is  placed  a  small  cup  filled  with 
fine  iron  filings,  and  also  in  the  field  of  the  lantern.     An  un- 

FiG.   604. 


Effect  of  a  Helix  on   Suspended    Particles  of  Iron. 

magnetized  needle  is  dipped  in  the  filings  and  removed, 
showing  that  it  has  no  power  to  Hft  the  filings  ;  then  while 
it  is  still  in  the   field   of  the   lantern,  the  needle  is  rubbed 


628  EXPERIMENTAL    SCIEN'CE. 

across  the  end  of  the  lodestone  and  dipped  the  second  time 
into  the  filings.  This  time  tlae  needle  takes  up  a  quantity 
of  the  filinars,  showmg  that  the  lodestone  has  imparted  mag- 
netic properties  to  the  needle. 

To  render  this  experiment  complete,  an  erecting  prism 
must  be  used  to  cause  the  image  to  appear  right  side  up  on 
the  screen. 

The  effect  of  a  helix  on  particles  of  magnetic  material 
suspended  in  a  liquid  is  shown  in  the  experiment  illustrated 
b}'  Fig.  604,  which  is  arranged  for  projection  or  for  individ- 
ual observation.  A  short  section  of  glass  tubing,  2]/l  inches 
in  diameter  and  f  inch  long,  is  ground  true  and  smooth  at 
its  ends  and  damped  between  two  plates  of  glass  with  inter- 
vening rings  of  elastic  rubber.  Before  clamping  the  parts 
together,  one  end  of  the  glass  tube  is  cemented  to  the  pack- 
ing ring,  which  in  turn  is  cemented  to  the  glass,  and  a  small 
quantity  of  fine  iron  filings  is  placed  in  the  cell,  the  cell  is 
filled  with  a  fifty  per  cent,  solution  of  glycerine  and  alcohol, 
and  a  helix  formed  of  five  or  six  laj^ers  of  No.  16  magnet 
wire  is  placed  upon  the  glass  tube.  The  remaining  packing 
ring  is  placed  on  the  end  of  the  glass  tube,  the  second  glass 
plate  is  put  in  position,  the  clamps  are  applied,  and  the  appa- 
ratus is  ready  for  use.  This  method  of  making  the  cell  leaves 
an  air  bubble,  which  is  needed  to  allow  the  liquid  to  expand 
freely. 

By  thoroughly  agitating  the  liquid,  the  iron  filings  wiU 
be  evenly  distributed  throughout  the  cell,  and  they  will  be 
prevented  from  falling  immediately  by  the  viscid  nature  of 
the  solution. 

When  four  or  five  batter}^  cells  are  connected  with  the 
helix,  the  iron  particles  arrange  themselves  radially  or  at 
right  angles  to  the  wire  surrounding  the  cell. 

The  effect  produced  in  the  magnetic  field  by  the  pres- 
ence of  an  armature  is  shown  by  the  lantern  experiments 
illustrated  in  Figs.  605  and  606. 

In  Fig.  605  is  shown  a  permanent  magnet  having  the 
form  of  a  field  magnet  of  a  dynamo.  This  mao-net  is 
cemented  to  a  plate  of  glass.  When  the  magnet  thus 
arranged   is   placed   in   a   vertical    lantern,  with   the   glass 
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uppermost,  and  a  few  fine  iron  filings  are  sprinkled  on  the 
glass,  the  usual  magnetic  curves  are  formed.  The  fines 
will  extend  straight  across  from  one  polar  extremit}^  of  the 
magnet  to  the  other,  and  at  the  ends  will  be  formed  sym- 
metrical,   approximately    semicircular     curves.       When    a 


Fig.  605. 


The  Magnetic  Field. 

cylindrical  piece  of  iron,  representing  the  armature  core 
of  a  dynamo,  is  inserted  between  the  poles  of  the  magnet 
in  the  place  usually  occupied  by  the  armature,  the  lines  are 
deflected  inward,  becoming  perpendicular  to  the  periphery 
of  the  armature.     The  iron   representing   the   armature   is 

Fig.  606. 


Effect  of  an  Armature  on  the  Magnetic  Field. 

cemented  to  a  second  plate  of  glass.  The  iron  particles 
arrange  themselves  in  a  more  pronounced  figure  if  the 
glass  plate  upon  which  they  are  sprinkled  be  jarred  sHghtly. 
In  Fig.  607  is  shown  a  method  of  forming  magnetic  curves 
for  projection  in  which  the  iron  particles  slowly  arrange 
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themselves  under  the  influence  of  the  magnet,  giving  the 
appearance  of  crystallization.  In  a  closed  cell  is  placed  a 
quantity  of  glycerine,  into  which  is  introduced  a  quantity  of 

Fig,  607. 


Magnetic  Field. 

fine  iron  filings.  In  the  top  of  the  cell  are  inserted  two  soft 
iron  pole  pieces,  arranged  to  receive  the  poles  of  a  perma- 
nent magnet.     The  glycerine  is  thoroughly  agitated,  so  as  to 

Fir,.   60S. 


Projection  of  Electric  Spark. 


distribute  the  filings  as  evenly  as  possible  throughout  the 
cell.  The  cell  is  then  placed  in  the  lantern,  and  the  magnet 
applied  to  the  pole  pieces.     The  iron  particles  will  be  drawn 
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slowly  toward  the  pole  pieces,  arranging  themselves  in  sym- 
metric curves. 

In  Fig.  608  is  shown  apparatus  for  the  projection  of  the 
static  discharge.  It  consists  of  a  stand  having  two  vulcanite 
columns,  in  the  upper  ends  of  which  are  inserted  adjustable 
brass  rods,  provided  with  brass  balls  at  opposite  ends.  The 
adjacent  balls  are  adjusted  to  the  striking  distance  and 
focused  on  the  screen.  The  light  for  projection  should  be 
only  strong  enough  to  show  an  image  of  the  balls.  When 
the  conductors  of  a  static  machine  or  induction  coil  are 
connected  with  the  brass  rods,  the  path  of  the  spark  will 
appear  as  a  brilliant  white  line  on 
the  screen.  The  discharge  of  a 
Leyden  jar  is  still  more  brilliant. 

The  apparatus  sh(jwn  in  Fig. 
609  is  designed  to  show  upon  the 
screen  the  experiment  known  as 
the  electric  fountain.  A  small  glass 
vessel  provided  with  a  capillary 
tubulure  at  the  bottom  is  sup- 
ported above  a  tumbler.  The 
vessel  is  filled  with  water  and  the 
capillary  aperture  allows  the  water 
to  drop  slowly  when  acted  upon 
by  gravity  only,  but  when  the 
water  is  electrified  by  connection 
with  a  static  machine  or  induction  coil,  it  issues  in  a  fine 
stream,  the  change  in  the  character  of  the  discharge  being 
caused  by  the  mutual  repulsion  of  the  particles  of  water. 
In  all  these  experiments  an  erecting  prism  is  required. 

The  discovery  of  the  action  of  an  electric  current  upon 
a  magnetic  needle  was  made  by  Christian  Oersted  in  1819. 
It  is  shown  by  experiment  that  the  magnetic  needle  tends 
to  arrange  itself  at  right  angles  to  a  conductor  carr3-ing  a 
current. 

In  Fig.  610  is  illustrated  a  piece  of  apparatus  for  demon- 
strating this  fact,  either  to  a  few  individuals  or  to  a  large 
assemblage,  by  the  aid  of  a  lantern.  It  consists  of  a  com- 
pass with  a  glass  bottom   having    the   scale   marked    on  it. 


Electrical  Repulsion. 
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The  needle  turns  on  a  pivot  projecting  from  a  little  plate 
cemented  to  the  center  of  the  glass.  When  a  conductor  is 
laid  across  the  compass,  parallel  with  the  needle,  and  a  cur- 
rent is  sent  through  the  conductor,  the  needle  is  deflected 
in  one  direction  or  the  other,  depending  upon  the  direction 
of  the  current. 

The  amount  of  deflection  depends,  of  course,  on  the 
strength  of  the  current. 

In  the  year  following  the  discovery  of  Oersted,  Schweig- 
ger  found  that  the  power  of  the  current  over  the  needle 
was  increased  by  causing  the  current  to  pass  several  times 
around  the  needle.  Owing  to  this  fact,  the  galvanometer 
was  formerly  known  as  the  galvano-multiplier.     A  conve 

Fig,  6io. 
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Compass  tor  projecting  Oersted  s  Experiment 


nient  and  useful  galvanometer  for  ordinary  use,  and  for  pro- 
jection, is  shown  in  Fig.  6ii  ;  i  showing  the  complete  in- 
strument in  perspective,  2  being  a  diagram  of  the  circuits, 
and  3  being  a  transverse  section  oi  the  compass  box.  The 
foundation  of  this  galvanometer  is  a  fine  photograph  on 
glass  of  a  complete  scale  of  degrees  of  the  size  of  an  ordi- 
nary lantern  slide.  Upon  the  center  of  the  photograph  is 
cemented  a  small  metallic  disk,  in  which  is  secured  a  fine 
needle  point,  and  upon  this  is  poised  a  jeweled  compass 
needle  taken  from  a  pocket  compass. 

To  diametrically  opposite  sides  of  the  boss  of  the  com- 
pass needle  are  soldered  the  heads  of  two  entomological 
pins,  which  are  perfectly  adapted  to  this  use,  being  long, 
thin,  and  finely  pointed.     These   are   arranged    exactly    at 
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right  angles  with  the  needle.  To  one  of  these  pins  is 
cemented  a  thin  paper  arrowhead,  and  upon  the  other  pin 
is  placed  a  small  drop  of  solder  to  counterbalance  the 
paper. 

The  compass  thus  formed  is  provided  with  a  glass  cover, 
separated  from  the  scale  by  narrow  strips  of  wood.  The 
baseboard  upon  which  the  compass  is  mounted  is  provided 
with  a  round  central  aperture,  a  little  larger  than  the  circle 
of  the  scale.  Across  this  aperture  is  secured  an  oblong 
rectangular   coil,  which    will  presently  be  described.     The 


Fig.  611. 
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Galvanometer  for   Projec- 
tion. 


ends  of  the  coil  are  let  into  recesses  in  the  baseboard,  so 
that  when  the  compass  is  in  its  place  the  needle  will  occupy 
a  central  position  in  the  coil.  The  compass,  after  adjust- 
ment, is  fastened  in  place  by  six  small  brass  screws,  and 
along  one  edge  of  the  compass  is  arranged  a  permanent  bar 
magnet,  which  is  held  in  its  place  by  two  pins.  The  bar 
magnet  serves  for  adjusting  the  pointers  to  zero,  and  ren- 
ders the  compass  independent  of  the  earth's  magnetism, 
so  that  the  galvanometer  may  be  used  in  any  position 
without  regard  to  the  magnetic  meridian. 
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The  coil  consists  of  a  narrow  copper  trough,  A  (see 
diagram),  of  U-shaped  cross  section,  one-fourth  inch  wide 
and  one-eighth  inch  deep,  separated  a  short  distance  at  one 
end  of  the  coil,  so  that  the  current  may  be  sent  around  the 
needle  through  the  copper  trough  alone  when  desirable. 

In  the  trough  is  wound  a  quantity  of  No.  40  silk-cov- 
ered copper  wire,  forming  the  coil,  B,  one  terminal  of 
which  is  fastened  to  one  end  of  the  copper  trough  in  such 
a  way  that  the  trough  forms  a  continuation  of  the  coil.  The 
opposite  or  outer  end  of  the  fine  wire  coil  is  connected  with 

Fig.  612. 


Sci.  \ 


Attraction  and   Repulsion  of  Parallel  Conductors — Ampere's  Experiment 


the  switch  point,  D.  The  corresponding  end  of  the  trough 
is  connected  with  the  switch  point,  C,  and  the  remaining 
terminal  of  the  trough  is  connected  by  a  wire,  C,  with  the 
contact  spring  at  one  edge  of  the  baseboard.  The  contact 
spring  at  the  opposite  edge  of  the  baseboard  is  connected 
with  the  pivot  of  the  switch  arm,  E. 

The  contact  springs  are  designed  to  make  connections 
with  the  studs  on  the  lantern,  which  in  turn  are  connected 
with  the  conductors  of  the  galvanometer  circuit. 

When  the  switch  arm,  E,  is  on  the  point,  C,  as  shown  in 
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the  diagram,  the  current  passes  through  the  trough  only. 
Arranged  in  this  way,  the  galvanometer  is  adapted  to  the 
measurement  of  heav}-  currents.  When  the  switch  arm 
is  on  the  point,  D,  the  current  goes  through  both  the  fine 
wire  coil  and  the  trough.  In  this  way  the  instrument  is 
adapted  to  light  currents.  This  galvanometer  is  adapted  to 
the  general  run  of  experimental  work.  It  makes  a  good 
image  on  the  screen  or  ceiling  when  used  in  a  lantern  with 
a  vertical  attachment.  The  magnet  interferes  somewhat 
with  its  sensitiveness,  and  may  be  removed  when  very  deli- 
cate action  is  desired. 

In  1820  Ampere  discovered  that  the  action  of  a  con- 
ductor in  which  a  continuous  current  of  electricity  is  main- 
tained is  like  that  of  a  magnetic  needle.  He  replaced  the 
needle  by  a  delicately  pivoted  conductor,  and  demonstrated 
that  all  of  the  phenomena  of  the  needle  could  be  repro- 
duced by  the  suspended  conductor. 

Another  curious  discovery,  due  to  the  same  great  phy- 
sicist, is  that  of  the  mutual  attraction  and  repulsion  of 
parallel  conductors.  Apparatus  for  exhibiting  this  pheno- 
menon is  illustrated  b}'  Fig.  612.  In  this  figure  the  per- 
spective view  shows  the  device  adapted  for  projection,  and 
the  diagram  shows  the  circuits. 

Two  parallel  wires,  A,  B,  are  arranged  one  above  the 
other,  the  wire,  A,  being  fixed,  the  wire,  B,  being  movable. 
The  wire.  A,  is  bent  twice  at  right  angles,  and  its  ends  are 
inserted  in  the  baseboard.  The  wire,  B,  is  bent  twice  at 
right  angles,  and  the  arms  thus  formed  are  provided  with 
eyes  which  are  suspended  on  delicate  pivots  on  the  stand- 
ards, c,  d.  These  arms  a  prolonged  beyond  their  pivots  and 
provided  with  weights  for  counterbalancing  the  wire,  the 
weights  being  so  arranged  as  to  cause  the  wire,  B,  to  rest 
normally  a  short  distance,  say  one-fourth  or  three-eighths 
inch,  from  the  wire,  A. 

The  connections  with  the  battery  or  other  electric  gen- 
erator are  through  the  hooks,  «,  b.  A  current-reversing 
switch  is  provided,  by  which  the  current  may  be  made  to 
flow  in  the  same  direction  or  in  opposite  direction  through 
the  conductors,  A,  B.  With  the  switch  in  the  position  shown, 


636 


EXPERIMENTAL    SCIENCE. 


the  current  arriving  at  the  hook,  a,  passes  in  the  direction 
of  the  arrow  to  the  switch  arm,  /,  point,  g,  point,  i,  and 
standard,  c,  through  the  conductor,  B,  to  the  standard,  d, 
thence  to  point,  h,  to  the  switch  arm,  c,  thence  through  the 
conductor,  A,  to  the  hook,  b.  The  current  flowing  in  oppo- 
site directions  through  the  conductors.  A,  B,  causes  the  re- 
pulsion of  the  conductor,  B. 

By  shifting  the  switch  arms,  c,  _/,  to  the  points,  i,  li,  the 
current  will  flow  through  both  conductors  in  the  same  direc- 
tion, thereby  causing  them  to  mutually  attract  each  other, 
the  result  being  the  movement  of  the  conductor,  B,  toward 
conductor,  A.  This  apparatus  is  designed  especially  for 
projection,  the  parallel  wires  only  being  visible  on  the 
screen. 

Fig.  613. 


Arago  Experiment. 


A  simple  way  of  illustrating  Arago's  experiment  showing 
the  magnetizing  effect  of  an  electric  current  on  soft  iron  is 
represented  in  Fig.  613.  The  lantern  to  which  this  and 
other  pieces  of  apparatus  are  adapted  is  provided  with  two 
rods  projectmg  from  the  front  of  the  instrument  and  connected 
with  binding  posts,  which  in  turn  are  connected  with  a  battery 
or  dynamo.  The  base  of  this  apparatus  is  furnished  with  spring 
clips  for  engaging  the  conducting  rods  of  the  lantern.  To 
the  upper  ends  of  two  posts  rising  from  the  base  are  attached 
the  extremities  of  a  copper  wire,  which  is  bent  into  spirals  at 
its  fixed  ends.  The  wire  is  bent  twice  at  right  angles,  and  is 
curved  downwardly  between  the  arms  extending  from  the 
spirals.     The  ends  of  this  wire  are  connected  with  the  clips. 
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On  the  base  below  the  curved  part  of  the  wire  is  placed  a 
box  well  filled  with  iron  filings.  The  box  and  the  wire  are 
projected  on  the  screen,  an  erecting  prism  being  used.  The 
wire  is  pressed  downward  into  the  filings  and  withdrawn 
before  the  current  passes,  to  show  that  the  wire,  uninfluenced 
by  the  current,  is  not  able  to  lift  the  filings.  The  current  is 
sent  through  the  wire,  when  it  is  again  dipped  into  the  filings. 
This  time  it  will  take  up  a  quantity  of  the  filings,  as  shown  in 
the  engraving,  each  fragment  of  iron  becoming  a  magnet, 

Fig.  614. 


Magnetization  by  Means  of  Spirals. 


which  tends  to  place  itself  at  right  angles  to  the  current. 
When  the  current  is  interrupted,  the  filings  fall. 

In  Fig.  614  is  represented  a  device  for  showing  the  mag- 
netizing effect  of  a  helix,  also  the  different  results  secured  by 
hehces  wound  in  opposite  directions.  The  frame  is  provided 
with  metal  clips  for  attachment  to  the  rods  of  the  lantern, 
and  two  helices,  which  are  oppositely  wound  with  respect  to 
each  other,  are  stretched  across  the  frame. 

The  ends  of  the  helices  are  connected  with,  the  cHps,  so 
that  the  current  passes  from  one  clip  through  both  helices, 
as  indicated  by  dotted  lines,  to  the  other  clip.      The  hehces 
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are  provided  with  a  coating  of  insulating  varnish.  A  darn- 
ing needle  is  placed  in  each  helix,  and  when  no  current  is 
passing,  a  magnetized  cambric  needle,  suspended  by  a  fine 
thread,  is  held  near  the  ends  of  the  needles  in  alternation. 
It  is  drawn  toward  both  alike. 

After  a  current  has  been  sent  through  the  helices  it  will 
be  found  that  the  darning  needles  are  magnetic,  but,  owing 
to  the  opposite  winding  of  the  helices,  corresponding  ends 
will  have  opposite  polaritv,  as  will  be  shown  by  again  pre- 
senting the  suspended  cambric  needle  to  the  ends  of  the 
darning  needles.     It  will  be  attracted  by  one  and  repelled  by 

Fig.  615. 


Sturgeon's  Magnet. 

the  Other.  By  placing  a  U-shaped  piece  of  soft  iron  wire  in 
the  helices,  as  shown  in  Fig.  615,  the  construction  of  the  first 
electro-magnet  (Sturgeon's)  is  clearlv  illustrated. 

In  Fig.  616  is  shown  a  device  for  projecting  the  incandes- 
cent lamp.  It  is  suspended  from  two  conductors,  and  its 
image  is  thro\\n  upon  the  screen  with  a  dull  light  which  is 
just  sufficient  to  clearl}-  show  the  outline  of  the  lamp  and  the 
black  carbon  filament.  A  current  is  then  sent  through  the 
lamp,  when  tl;ie  filament  becomes  incandescent  and  shows  as 
a  brilliant  arch  on  the  screen,  while  all  the  parts  of  the  lamp 
are  distinctly  visible. 
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In  Fig.  617  is  siiown  a  method  of  projecting  the  electric 
arc  which  has  the  advantage  of  showing  the  carbons  before 
the  arc  is  formed,  and  also  of  rendering  them  visible  during 

Fig.  616. 


Incandescent  Lamp  arranged  for  Projection. 

the  experiment.  The  lamp  consists  of  two  wire  carbon 
holders  attached  to  a  wooden  standard  and  connected  with 
the  rods  of  the  lantern,  as  in  the  cases  before  described.  The 

Fig.  617. 


Projection  of  the  Arc. 


carbons  are  projected  with  a  dim  light,  showing  the  crater 
of  the  positive  carbon  and  the  point  of  the  negative  carbon. 
Then  the  current  is  turned  on,  the  carbons  are  brought  into 
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contact   and    separated,  forming   the  arc 
become  incandescent,  and  the  arc 


the 


light  in  full 


seen  on  a  large  scale  on  the  screen. 

These  experiments  are  very  striking  when 
large  screen,  the  projection  of  the  arc  and  incand 
being  particularly  interesting. 

By  inserting  four  screw  hooks  in  a  standard 
ing  the  bands  over  the  hooks,  as  shown  in  Fig.  6 


points  soon 
operation  is 

seen  upon  a 
escent  lights 

and  stretch- 
18,  the  rock- 


FlG.   618. 


Rocking  Prism  adapted  to  the  Lantern. 


ing  prism  shown  in  Fig.  218  is  adapted  for  use  in  connection 
with  a  lantern.  The  light  emerging  from  the  lantern  must  pass 
through  a  narrow  slit  to  secure  a  perfect  spectrum,  and  be- 
tween the  screen  and  the  prism  should  be  placed  a  screen 
Avith  an  oblong  aperture,  which  will  allow  all  of  the  band  of 
light  to  appear  upon  the  screen  with  the  exception  of  the 
colored  extremities.  With  the  prism  supported  in  this  way, 
it  is  an  easy  matter  to  turn  it  slowly  back  and  forth,  show- 
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ing  on   the    screen  the  moving   spectrum,  which,   with  the 
more  rapid  movement,  produces  the  pure  white  band. 
Fig.  6ig.  Fig.  620. 


Revolving  Cell  for  Polariscope. 

In  Figs.  619  and  620  is  shown  a  revolving  cell  containing 
chips  of  selenite  in  water.     As  the  cell  revolves  by  frictional 

Fig.  621. 
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Glass  under  Pressure. 


contact  with  the  roller,  the  bits  of  selenite  are  carried  upward 
and  allowed  to  fall,  thus  continually  changing  their  position 
in  the  field.     This  object  shows  to  the  best  advantage  the 
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gorgeous  colors  of  polarized  light.     Small  pieces  of  quartz 
exhibited  in  the  same  way  produce  brilliant  effects. 

In  Fig.  621,  at  a  and  b,  are  shown  the  effects  of  glass 
under  pressure  upon  a  beam  of  polarized  light.  At  a,  a 
rectangular  block  of  thick  glass  is  arranged  in  an  apertured 
plate  between  a  convex  edge,  A,  and  the  convex  follower,  C, 
the  latter  being  forced  downward  b}'  a  screw  which  is 
turned  so  as  to  bring  more  or  less  pressure  to  bear  upon 
the  edge  of  the  glass.  The  brilliancy  of  the  color  and  the 
form  vary  with  the  pressure.  In  the  other  case,  as  shown 
at  b,  the  pressure  acts  upon  diagonal  lines  from  C  to  B,  B, 
with  the  results  indicated. 

VIBRATIONS   OF    DIAPHRAGMS. 

The  telephone  and  phonograph  show  conclusively  that 
the  human  voice  is  able  to  set  certain  bodies  in  active  vibra- 
tion. These  vibrations  may  be  detected  by  touch,  but  they 
are  not  discernible  by  the  unaided  e3-e.  It  has  been  shown 
that  the  force  which  produces  them  is  able  to  perform  a 
considerable  amount  of  work.  A  telephone  diaphragm  is 
able  to  vibrate  sufficientlv  to  transmit  speech,  even  when 
heavily  weighted.  A  diaphragm,  when  placed  in  a  hori- 
zontal position  and  damped  by  a  five  pound  weight  sus- 
pended from  its  center,  transmitted  speech  equally  as  well 
as  one  not  so  damped,  the  only  difference  being  a  consider- 
able loss  in  the  volume  of  sound. 

Mr.  Edison  some  years  since  devised  a  piece  of  appara- 
tus known  as  the  phonomotor,  in  which  a  diaphragm 
vibrated  b}'  the  voice  was  made  to  rotate  a  wheel  at  a  high 
velocity.  In  the  phonograph  the  cutting  stylus,  which  is 
moved  by  the  diaphragm,  exhibits,  when  in  action,  some- 
thing of  the  power  of  the  voice,  and  the  engraving  on  the 
cylinder  of  the  phonograph  shows  the  complex  character 
of  the  vibrations  of  the  diaphragm,  but  on  so  small  a  scale 
as  to  be  difficult  of  observation. 

The  use  of  the  apparatus  shown  in  the  annexed  engrav- 
ings is,  first,  to  show  by  means  of  the  lantern  that  the  tele- 
phone diaphragm  vibrates,  and,  second,  to  exhibit  by  the 
same  means  the  character  of  the  vibrations. 
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At  I,  in  Fig.  622,  is  shown  a  telephone  diaphragm  ar- 
ranged upon  a  standard  and  adapted  for  projection.  This 
apparatus  is  shown  in  section  at  2.  To  the  top  of  the  dia- 
phragm cell  is  secured  a  hook  which  supports  a  small  me- 
tallic ball  opposite  the  center  of  the  diaphragm  b}-  means  of 
a  fine  silk  thread.  The  ball  hangs  normall}'  in  contact  with 
the  diaphragm,  but  when  sounds  are  uttered  in  the  tube 
attached  to  the  cell,  the  diaphragm  is  vibrated,  its  motion 
being  made  manifest  by  the  repeated  repulsion  of  the  ball. 

In  Fig.  623  is  showm  an  instrument  for  tracing  upon  a 
smoked  glass  a  record  of  the  movements  of  the  diaphragm. 


Fia.  622. 


Experiment  showing  the  Vibration  of  a  Diaphragm. 


A  wooden  frame  is  supported  by  a  standard  secured  to  the 
baseboard.  The  face  of  the  wooden  frame  is  grooved  to 
receive  the  smoked  glass  plate,  which  is  held  in  the  groove 
by  four  spring  clips,  so  that  it  may  be  moved  up  or  down 
after  each  tracing,  preparatory  to  making  a  new  one.  In 
one  edge  of  the  frame  are  inserted  two  parallel  rods,  which 
are  further  supported  by  a  standard  attached  to  the  base. 
The  standards  are  made  adjustable  to  adapt  the  instru- 
ment to  lanterns  of  different  heights.  The  arm  which 
supports  the  diaphragm  cell  is  provided  with  a  sleeve 
which  slides  freely  on  the  upper  rod,  and  it  is  fur- 
nished at  its  lower  end  with  a  fork  which  partly  em- 
braces the  lower  rod.     B}^  this  arrangement,  the  diaphragm 
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cell  is  truly  guided  while  the  tracing  is  being  made,  and  at 
the  same  time  the  construction  allows  of  tilting  the  cell 
whenever  it  is  desirable  to  remove  the  tracing  point  from 
the  surface  of  the  glass.  The  diaphragm  cell  consists  of 
two  chambered  recessed  disks  fastened  together  with 
screws,  and  clamping  between  them  a  thin  iron  diaphragm. 
The  upper  disk  is  apertured  and  provided  with  a  flexible 
tube  terminating  in  a  mouthpiece.  To  the  center  of  the 
diaphragm  is  attached  a  stud,  which  is  pivoted  to  the  trac- 

FiG.  623. 


Phonogr.iphic  Recorder. 


ing  lever,  this  being  fulcrumed  in  a  rigid  arm  projecting 
downward  from  the  cell.  The  free  end  of  the  tracing  lever 
carries  a  fine  cambric  needle,  which  lightl}' touches  the  sur- 
face of  the  smoked  glass  when  the  cell  is  in  the  position 
shown.  The  tracing  lever  is  made  of  a  thin  bar  of  alum- 
inum, which  can  spring  laterally,  but  which  is  very  rigid  in 
the  direction  of  its  motion. 

When  used,  the  apparatus  is  placed  with  reference  to  the 
lantern  so  that  the  opening  of  the  wooden  frame  will  come 
within    the  cone    of  light  in    front  of  the  condenser.     The 
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smoked  glass  is  focused  on  the  screen,  the  diaphragm  cell  is 
placed  near  the  wooden  frame  and  held  in  one  hand,  while 
the  mouthpiece  at  the  end  of  the  flexible  tube  is  held  at  the 
mouth  by  the  other  hand.  Now,  while  a  sound  is  made  in 
the  mouthpiece,  the  diaphragm  cell  is  quickly  but  steadily 
drawn  along,  so  as  to  cause  the  tracing  needle  to  trav- 
erse the  smoked  glass.  A  sinuous  line  will  be  formed 
upon  the  glass,  which  will  be  characteristic  of  the 
sound  uttered,  and  this  line  will  appear  upon  the  screen 
as  it  is  formed.  By  tilting  the  diaphragm  cell,  and  mov- 
ing the  smoked  glass,  and  then  returning  the  cell  to  the 
point  of  starting,  the  operation  may  be  repeated.  It  will 
thus  be  seen  that,  by  means  of  this  instrument,  a  sound  may 
be  produced  and  analyzed  at  the  same  moment. 

APPARATUS   FOR   COMPOUNDING     RECTANGULAR     VIBRATIONS. 

The  compound  pendulum  illustrated  by  Fig.  624  has 
advantages  over  those  of  the  usual  form,  in  being  adapted 
to  the  ordinary  horizontal  lantern  and  in  being  less  cumber- 
some and  more  easily  managed.  Perhaps  the  most  import- 
ant difference  between  this  and  other  instruments  of  its 
class  lies  in  the  tracing  arm  and  point.  With  this  appa- 
ratus the  beautiful  curves  of  Lissajous  appear  on  the  screen, 
while  the  arm  that  traces  them  is  invisible.  With  densely 
smoked  glass  this  feature  is  not  so  apparent,  but  when  col- 
ored collodion  tracing  films  are  used,  it  is  a  novel  sight  to 
witness  the  development  of  these  intricate  figures  by  a  point 
having  no  apparent  support  or  guide. 

An  apertured  board  having  a  recess  for  receiving  the  pre- 
pared glass  plate  forms  the  body  of  the  apparatus.  This 
board  is  connected  by  an  iron  standard  with  a  base  piece 
which  is  clamped  to  the  lantern  table  in  the  manner  shown. 
To  the  upper  edge  of  the  board  is  secured  an  arm  provided 
with  a  horizontal  stud  upon  which  are  pivtjted  two  pendu- 
lums. The  rear  pendulum  is  prolonged  above  its  pivot,  and 
is  provided  with  a  right-angled  arm  projecting  toward  the 
lantern,  parallel  with  the  back  board.  The  upper  end  of 
the  rear  pendulum  is  provided  with  two  or  three  inter- 
changeable weights,  varying  from  two  to  six  pounds,  and 
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the  lower  end  is  provided  with  a  movable  weight  of 
twelve  pounds.  The  front  pendulum  is  suspended  from  the 
same  pivot,  and  is   also  furnished   with  a   movable  twelve 

Fig.  624 


Compound   Pendulum. 


pound  weight.  To  the  rod  of  the  front  pendulum  is  pivoted 
an  offset  bar,  provided  at  one  end  with  annular  frame  con- 
taining a  transparent  glass  disk  and  having  at  the  opposite 
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end  an  adjustable  counterbalance  weight.  The  glass  disk  is 
provided  with  a  small  central  aperture,  in  which  is  inserted 
a  fine  needle.  To  the  offset  bar,  half  way  between  its  con- 
nection with  the  pendulum  rod  and  the  needle,  is  pivoted 
a  rod  which  is  pivotally  connected  with  the  horizontal  arm 
of  the  rear  pendulum. 

The  offset  bar  is  made  of  thin  spring  material,  and  is 
bent  so  that  the  needle  presses  lightly  upon  the  prepared 
glass  held  in  the  recess  of  the  back  board.  The  prepared 
glass  plate  is  retained  in  the  position  of  use  by  two  spring 
chps  pivoted  to  the  back  board  and  arranged  to  press  upon 
diagonally  opposite  corners  of  the  glass.  The  needle  is  held 
away  from  the  glass  while  starting  the  pendulum,  by  means 
of  a  thread  (not  shown)  attached  to  the  annular  frame  and 
connected  with  a  fixed  support  in  front  of  the  frame  and 
distant  about  a  foot. 

The  adjustment  of  the  weights  for  the  different  figures 
is  ascertained  by  experiment,  and  the  position  of  the 
weights  is  accurately  indicated  on  the  pendulum  rods.  The 
apparatus  is  placed  in  position  on  the  table,  and  the  lantern 
is  adjusted  to  it. 

The  colored  collodion  for  the  films  is  prepared  by  thin- 
ning ordinary  plain  collodion  with  alcohol  diluted  with 
water,  then  adding  to  it  an  alcoholic  solution  of  aniline  of 
any  desired  color. 

The  glass  plate  is  prepared  for  use  by  flowing  the  col- 
lodion over  it  and  allowing  it  to  dry.  If  the  film  proves  too 
hard  and  tough,  it  may  be  modified  by  adding  a  small 
quantity  of  water  to  the  collodion.  This  film  gives  a  uni- 
form tint  on  the  screen,  and  is  dense  enough  to  clearly 
show  the  lines  of  the  tracing. 

After  the  tracing  point  has  been  drawn  back  in  the  man- 
ner described,  and  the  prepared  glass  plate  is  in  place,  the 
pendulums  are  drawn  aside  and  the  rear  (jne  is  released.  At 
a  certain  phase  of  its  vibration  (which  will  be  determined 
by  experiment)  the  front  pendulum  is  released.  If  the 
needle  describes  the  desired  curve,  the  annular  frame  is 
released,  when  the  needle  traces  the  figure  which  appears 
upon  the  screen. 
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LANTERN    PANTOGRAPHS. 

For  the  production  of  off-hand  tracings  for  illustrations, 
especially  during  the  projection  of  a  series  of  experiments  or 
pictures,  nothing  can  excel  a  pantograph  adapted  to  the 
lantern.  Two  forms  are  here  shown,  both  of  which  pro- 
duce figures  on  the  prepared  glass  without  exhibiting  the 
arm  bj'  which  the  work  is  done. 

The  instrument  shown  in  Fig.  625  is,  perhaps,  hardly  de- 
serving of  the  name  given  to  it,  as  it  is  not  strictly  designed 
for  accurate  copying,  on  account  of  distortion,  but  it  may 
be  used  in  copying  when  a  true  figure  is  not  important.  It 
is  designed  rather  for  tracing  upon  the  prepared  glass  while 

Fig.  625. 


jjo./i/n. 


Simple  Tracer  for  the  Lantern. 


the  operator  watches  the  progress  of  his   work  as  it  is  pro- 
jected upon  the  screen. 

The  baseboard  is  provided  with  a  square  central  open- 
ing, having  around  it  a  rabbet  for  receiving  the  prepared 
glass.  This  board  is  adapted  to  the  lantern,  and  furnished 
with  a  pair  of  small  buttons  for  engaging  diagonally  oppo- 
site corners  of  the  prepared  glass  and  holding  it  in  place. 
The  tracing  arm  consists  of  a  square  metallic  frame,  a,  con- 
taining a  glass  plate,  and  having  at  one  edge  an  arm  carry- 
ing a  tracing  point,  and  provided  at  the  opposite  edge  with 
two  parallel  rods  arranged  to  slide  freely  through  a  block, 
b,  pivoted  to  the  baseboard.     The  center  of  the  glass  in  the 
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frame,  a,  is  perforated  to  receive  a  needle,  r,  which  is  pressed 
forward  toward  the  prepared  glass  by  a  small  spiral  spring, 
as  shown  in  the  sectional  view.  The  needle  thus  supported 
may  be  moved  around  upon  the  prepared  glass  in  any  re- 
quired direction,  and  it  ma)-  be  readily  lifted  from  the  plate 
by  pulling  the  tracing  point  away  from  the  baseboard. 

By  placing  a  design  upon  the  board,  it  may  be  traced 
and  reproduced  upon  the  screen,  and,  if  the  designs  are 
specially  made  so  as  to  compensate  for  distortion,  correct 
tracings  will  be  produced. 

B}'  means  of  the  pantograph  shown  in  Fig.  626,  anything, 
large  or  small,  may  be  readily  and  correctly  traced.  The 
levers  are  arranged  relatively,  so  as  to  produce  upon  the 
prepared  glass  a  tracing  one-third  of  the  size  of  the  original. 
With  this  pantograph,  writing,  figures,  maps,  diagrams, 
sketches,  etc.,  can  be  made  with  great  facility. 

The  baseboard  of  this  instrument  is  necessarily  somewhat 
cumbersome,  as  provision  must  be  made  for  the  supports  of 
the  pivot  of  the  pantograph,  for  the  prepared  glass,  and  for 
the  design  to  be  traced  or  a  sheet  of  paper  on  which  to 
mark.  The  baseboard  is  adjustable  up  and  down  on  a 
slotted  standard,  and  the  latter  is  provided  with  a  foot, 
which  permits  of  clamping  it  to  the  table. 

The  metallic  frame,  a,  which  is  attached  to  the  arm,  b, 
contains  a  transparent  plate  of  glass,  having  a  central  per- 
foration, in  i-rhich  is  inserted  a  stout  sewing  needle — a  small 
carpet  needle  for  example.  The  bar,  b,  is  pivoted  to  one  end 
of  the  short  metallic  bar,  c,  and  the  opposite  end  of  this  bar, 
c,  is  pivoted  on  a  stud  projecting  from  the  rock  shaft,  d, 
which  can  turn  in  supports  attached  to  the  baseboard. 
Upon  the  same  stud  is  pivoted  a  bar,  //,  which  extends 
parallel  with  the  bar,  b,  and  both  these  bars  are  pivotally 
connected  with  the  bar,  c' .  The  lower  end  of  the  bar,  c' ,  is 
provided  with  a  tracing  point,  /,  for  which  a  lead  pencil 
may  be  substituted  when  an  original  design  is  to  be  made. 
The  paper  on  which  the  design  is  drawn  is  attached  by 
drawing  tacks  to  the  lower  part  of  the  baseboard.  The 
rock  shaft,  <■/,  is  provided  with  a  long  key,  c,  which  extends 
downward,  and  is  pressed  outwardly  by  a  spring  underneath 
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it.  The  key  is  prolonged  above  the  rock  shaft,  where  it  is 
provided  with  a  screw  tor  limiting  the  motion  of  the  key  and 
shaft.  The  arrangement  of  the  shaft  and  key  is  shown  in  the 
small  detail  view. 

The  shorter  arms  of  the  levers  of  the  system  are  4  inches 

Fig    626. 


Lantern  Pantograph, 


long,  and  the  longer  arms  are  12  inches  long.  That  is  to  say, 
when  the  bars  are  at  right  angles  to  each  other,  the  distance 
between  the  bars,  b  b',  is  4  inches,  the  distance  between  the 
bars,  c  c' ,  is  12  inches,  the  distance  from  the  tracing  needle 
at  the  center  of  the  transparent  glass  to  the  pivotal  connec- 
tion of  the  bars,  /'  c,  is  4  inches,  and  the  length  of  the  bar,  c'. 
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from  the  pivotal  connection  of  the  bar,  b' ,  to  the  tracing  point, 
/,  is  12  inches. 

The  glass  plate  on  which  the  tracing  is  made  is  preferably 
coated  with  collodion  colored  with  aniline.  If  this  is  not 
convenient,  the  glass  may  be  smoked. 

The  needle  is  prevented  from  touching  the  prepared  glass 
by  pressing  upon  the  key,  e,  thus  slightly  twisting  the  entire 
system.  When  the  point  of  starting  is  reached,  the  key,  e, 
is  released,  when  the  spring  under  the  key,  through  the  key, 
rock  shaft,  and  bar,  c,  carries  the  frame,  a,  forward,  and 
brings  the  tracing  needle  into  contact  with  the  prepared 
glass,  when  the  tracing  begins.  When  it  is  desired  to  inter- 
rupt the  line,  the  key,  c,  is  again  depressed,  when  the  needle 
may  be  moved  to  a  new  position  without  making  a  mark. 

THE   CYCLOIDOTROPE. 

The  novel  and  very  pleasing  and  interesting  lantern  slide 
shown  in  the  annexed  engraving  is  of  English  origin.  The 
inventor,  Mr.  A.  Puraphery,  of  Birmingham,  England,  is  en- 
titled to  much  credit  for  having  produced  a  simple  device 
capable  of  illustrating  on  a  large  scale  the  intricate  opera- 
tion of  engine  engraving. 

The  figures  shown  in  the  smaller  engraving  (Fig.  628) 
were  photo-engraved  directly  from  plates  traced  in  the  ap- 
paratus. They  show  some  of  the  simpler  forms  of  curves. 
By  changing  the  adjustment  of  the  tracing  needle  or  the 
arms  which  support  and  guide  it,  an  infinite  variety  of 
figures  may  be  produced. 

The  ring,  which  revolves  on  the  plate,  is  recessed  around 
its  inner  edge,  and  lined  with  soft  rubber  for  the  reception 
of  the  glass  disk,  upon  which  the  tracing  is  to  be  made.  The 
glass  is  held  in  place  by  the  pressure  of  two  springs  carry- 
ing rollers  which  bear  upon  the  face  of  the  glass  at  diame- 
trically opposite  points. 

The  face  of  the  ring  has  a  toothed  rim,  which  is  engaged 
by  a  small  pinion  on  the  crank  shaft,  and  the  periphery  of 
the  ring  is  provided  with  202  spur  teeth,  which  engage  a 
pinion  having  33  teeth  and  turning  on  a  stud  projecting  from 
the  base  plate. 
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The  spur  pinion  carries  an  adjustable  crank,  the  pin  of 
which  turns  in  the  cranic  arm,  and  is  apertured  transversely 
to  receive  the  tracing  rod,  which  may  be  clamped  therein 
by  the  thumb  screw. 

The  tracing-  rod  passes  through  a  stud  arranged  to  turn 
in  the  end  of  the  movable  arm  pivoted  to  the  base  plate. 
The  tracing  rod  is  hollow,  and  upon  the  end  which  projects 
over  the  toothed  ring  it  carries  a  curved  spring,  provided  at 

Fig.  628. 


Tracings  produced  by  the  Cycloidotrope. 


its  extremity  with  a  steel  tracing  point.  A  wire  passing 
through  the  hollow  tracing  rod  engages  the  under  side  of 
the  curved  spring,  and  lifts  the  point  from  the  glass. 

The  glass  is  prepared  for  tracing  by  smoking  it  over  a 
candle,  lamp,  or  gas  jet,  or,  better,  by  coating  it  with  col- 
lodion, to  which  some  aniline  has  been  added  to  give  it  the 
desired  tint. 

The  glass  having  been  secured  in  place  in  the  toothed 
ring  in  the  manner  described,  the  tracing  point  is  let  down 
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upon  the  glass  b}-  drawing  out  the  wire  in  the  hollow  tracing 
rod.  The  toothed  ring  is  then  rotated  by  means  of  the  crank, 
when  a  cycloidal  curve  will  be  traced  on  the  glass.  By  con- 
tinued rotation  the  curves  will  be  duplicated ;  and  as  the 
number  of  teeth  in  the  periphery  of  the  ring  is  not  an  exact 
multiple  of  the  number  of  teeth  in  the  pinion,  the  ring  will, 
b}^  the  differential  movement,  continually  fall  behind  the 
movements  of  the  pinion  and  tracer  carried  b}'  the  crank  on 
the  pinion,  so  that  a  small  space  is  left  between  the  lines  of 
successive  series.  By  continuing  the  operation  the  lines 
Avill  intersect,  until  finally  a  beautiful,  symmetrical  network 
of  lines  will  be  formed. 

By  clamping  the  tracing  rod  in  the  crank  pin,  an  approxi- 
mately true  cycloid  curve  will  be  formed  ;  and  by  clamping 
the  tracing  rod  in  the  stud  projecting  from  the  adjustable 
arm,  and  allowing  the  crank  pin  to  slide  on  the  rod,  curves 
of  another  kind  will  be  formed.  Moving  the  arm  on  its 
pivot  makes  another  change,  and  the  figure  is  still  further 
modified  by  changing  the  working  field  of  the  point  from 
one  edge  of  the  glass  disk  to  the  other. 

To  render  the  tracing  still  more  intricate,  opposite  sides 
of  the  glass  disk  may  be  coated  with  collodion  differently 
colored.  For  example,  red  may  be  used  upon  one  side  and 
blue  on  the  other.  The  color  of  the  ground  when  projected 
on  the  screen  will  then  be  purple.  When  the  tracing  is  done 
on  the  blue  side,  red  lines  will  appear  on  a  purple  ground  ; 
and  when  the  tracing  is  made  on  the  red  side,  blue  lines  will 
appear  on  the  purple  ground  ;  and  where  the  tracings  of 
opposite  sides  of  the  glass  cross  each  other,  the  lines  will,  of 
course,  be  white. 

Besides  the  remarkable  effects  secured  by  the  use  of  two 
colors,  the  thickness  of  the  glass  which  intervenes  between 
the  two  tracings  produces  a  curious  optical  illusion  on  the 
screen.  The  tracing  last  made,  if  in  focus,  appears  to  stand 
out  several  inches  from  the  screen,  and  seems  to  float  in 
the  air.  Another  interesting  optical  illusion  is  noticed 
Avhen,  after  rather  rapid  rotation,  the  disk  is  stopped.  By 
the  bias  of  the  optic  nerve  the  figures  appear  for  a  moment 
to  turn  backward. 
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The  disks  traced  in  this  apparatus  produce  striking 
effects  when  used  in  a  chromatrope  in  place  of  the  ordinary 
painted  disks. 

PROJECTION    OF   CHLADNl'S    FIGURES. 

For  this  purpose   the    vertical   attachment  is   required. 

Fig.   629. 


Chladni's  Figures. 

There  are  three  methods  of  projecting  these  figures.     Ac- 
cording to  one  method,  the  glass  plate   upon  which  the  said 

Fig.  630. 


Formation  of  Sand  Figures. 


figures  are  formed  is  clamped  in  such  a  position  as  to  allow 
one  corner  to  project  into  the  field  of  the  lantern.    Fine  sand 


656 


EXPERIMENTAL    SCIENCE. 


is  sprinkled  evenly  over  the  plate  and  a  violin  bow  is  drawn 
over  its  edge.  Damping  the  plate  bv  the  application  of  the 
fingers  at  one  or  more  points,  various  symmetrical  figures 
may  be  formed  ;  the  sand  leaving  the  venters  or  places  of 
greatest  vibration  and  piling  up  at  the  nodes  or  places  of 
least  vibration,  as  in  Fig.  629.  This  figure  shows  a  glass 
plate  mounted  on  a  stud  projecting  from  the  center  of  a  thick 
glass  base  plate.  With  this  apparatus  the  figures  are  formed 
outside  of  the  lantern  and  then  projected  like  an}-  other 
object. 

In  Fig.  630  is  represented  a  device  bv  which  the  figures  are 

Fig.  631, 
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Sand   Ficjures. 


formed  in  the  lantern  and  projected  entire.  The  apparatus 
is  similar  to  that  shown  in  Fig.  629.  Several  small  holes  are 
made  in  the  plate  along  the  edge  to  receive  a  hook  attached 
to  a  strong  smooth  cord.  The  cord  is  held  in  the  manner 
indicated  and  rubbed  with  resined  fingers.  This  produces 
\'ibrations  sufficient  for  the  production  of  several  of  the 
figures.  The  figures  shown  in  Fig.  631  are  produced  by 
means  of  the  bow  in  the  usual  wav,  the  bow  being  ap- 
plied at  I7,  and  the  finger  at  a.  The  black  dots  indicate  the 
points  of  support  of  the  plates. 
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CHAPTER  XXIIl. 

MECHANICAL    OPERATIONS. 
HINTS    ON    GLASS   BLOWING. 

There  are  few  mechanical  operations  requiring  a  higher 
degree  of  manipulative  skill  than  that  of  glass  blowing.  A 
peculiar  sensitiveness  of  touch  and  quickness  of  sight  are 
■essential.     In  many  instances  whatever  is  done  must  be  ac- 

FiG.  632, 


Bending  :i  Glass  Tube. 

complished  almost  instantaneously.  There  is  no  time  for 
deliberation.  The  operator  must  know  exactl}'  what  to  do, 
and  then,  when  the  conditions  are  favorable,  he  must  do  it 
quickly  and  with  certainty. 

More  can  be  learned  by  watching  an  expert  glass  blower 
for  a  half  hour  than  can  be  acquired  by  reading  the  litera- 
ture of  the  subject  or  by  days  of  practice.  However,  when 
the  principal  points  are  gained,  practice  will  in  time  lead  to 
proficiency. 

The  bending,  perforating,  and  welding  of  tubes,  the  for- 
mation of  bulbs,  tees,  funnels,  and  jets,  are  among  the  simple 
operations  of  glass  blowing,  with  which  everv  worker  in 
physics  or  chemistr}-  should  acquaint  himself. 
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Very  few  tools  and  appliances  are  needed.  The  most 
important  requisites  are  a  gas  blowpipe  capable  of  producing- 
brush  and  pointed  flames,  a  bellows  for  supplying  air  to  the 
blowpipe,  some  pieces  of  charcoal  or  carbon  having  pyra- 
midal ends,  corks  of  different  sizes,  and  a  sharp  triangular 
file.     A  stock  of  glass  tubes  of  various  sizes  will  be  needed- 

Fig.  633. 


Welding  a  Tube. 

These  should  be  purchased  at  one  place  and  time,  if  possible, 
to  insure  uniformit}'  in  quality.  Soft  German  glass  is  the 
most  satisfactory. 

A  small  tube  is  divided  into  lengths  by  first  nicking  it 
with  the  file,  then  grasping  it  in  both  hands,  placing  the 
thumb  nail  against  the  glass  opposite  the  nick,  and  then 
breaking  the  tube  by  such  a  movement  as  would  be  required 

Fig.  634. 


Tube  for  Forming  a  Bulb. 


to  bend  the  tube  at  the  nick,  if  the  material  were  flexible,  at 
the  same  time  pulling  on  the  tube  in  opposite  directions. 
The  tube  breaks  off  squarel\\ 

A  tube  of  large  diameter  is  divided  by  scratching  it  with 
a  file,  then  cracking  it  by  applying  t(3  the  scratch  a  small 
point  (if  hot  glass,  or  by  means  of  a  hot  wire  curved  to  partly 
encircle  the  tube. 
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Fig,  635. 


A  small  tube  is  bent  by  heating  it  in  a  brush  flame,  as  in 
Fig.  632,  or  in  an  ordinary  gas  flame,  then  curving  it  as  de- 
sired. One  end  of  the  tube  should  be  corked  before  it  is 
heated.  If  it  is  made  too  hot,  or  heated  unevenly,  it  will  be 
impossible  to  give  it  a  true  curve. 

If  the  tube  becomes  flattened  in  bending,  or  if  the  curve 
is  not  true,  it  may  be  carefully 
reheated  at  defective  points,  and 
corrected  by  bending  or  by  blow- 
ing into  it.  Tubes  are  welded  by 
first  flaring  them  as  shown  in 
Fig.  633,  by  introducing  the  pyr- 
amidal end  of  the  charcoal  or 
carbon  into  the  hot  end  of  the 
tube  and  turning  it,  or  by  turning 


Forming  a  Bulb. 

the  tube  on  the  charcoal  with  a  pressure  strong  enough  to 
give  the  end  of  the  tube  the  desired  form.  The  flared  ends 
of  the  two  tubes  to  be  welded  are  heated  simultaneously  in 
the  brush  flame  and  joined  while  quite  soft.  A  pointed 
blowpipe  flame  is  used  to  give  the  joint  the  desired  form. 
The  joint  is  made  true  by  constantly  turning  the  tube. 

A  bulb  is  formed  on  a  tube  by  first  heating  it  and  draw- 


FlG.   636. 
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Perforating  a  Tube. 


ing  it  out  as  shown  in  Fig.  634,  then  heating  a  short  length 
of  the  tube  within  tapered  end  and  thickening  it  by  pressing 
upon  the  ends  of  the  tube.  Then  another  short  length  is 
heated  and  thickened  in  the  same  way,  and  so  on  until 
enough  material  has  been  accumulated  to  form  a  bulb  of  the 
required  size  and  thickness.  The  tube  must  be  continually 
turned  during  these  operations  to  cause  it  to  heat  evenly. 
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and  if  it  tends  to  collapse,  it  should  be  blown.  The  mass  of 
glass  is  now  heated  evenly  throughout  and  blown  until  the 
bulb  is  of  the  required  size,  the  rotation  of  the  tube  being 


Fig.  637. 
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Forming  a  Tee. 


Fig.  6373. 


Sealing  in  a  Wire. 


^k 


continually  maintained  to  prevent  the  bulb  from  being  dis- 
torted by  its  own  weight. 

The   blowing   should  be   accomplished    by  means  of  a 
series  of  short  puffs,  rather  than  by  one  long  blast. 

A  tube  may  be  perforated  by  stopping 
the  ends  so  as  to  inclose  a  body  of  air, 
then  warming  it  gradually  to  prevent 
breaking,  finally  directing  a  pointed  blow- 
pipe flame  upon  it  where  the  perforation 
is  desired.  The  expansion  of  the  air  con- 
tained in  the  tube  will  push  out  the 
softened  glass  and  make  the  perforation. 
When  a  tube  is  thick  and  of  very  small 
diameter,  the  expansion  of  the  contained 
air  is  insufficient  for  this  purpose,  and 
blowing  is  resorted  to. 

Tees  are  made  by  perforating  the  tube 
as  shown  at  i,  in  Fig.  637,  then  welding  on 
the  branch  as  at  2,  finally  heating  the  joint  so  as  to  give  it 
the  form  shown  at  3,  blowing  into  it  occasionally  if  necessary 
to  give  it  the  required  form.  The  ends  of  the  branches  of 
the  tee  are  smoothed  and  rounded  by  heating  them  in  the 
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brush  flame  until  they  begin  to  fuse.  To  prevent  breaking, 
the  glass  should  be  allowed  to  cool  slowly,  while  protected 
from  draughts  of  air. 

To  seal  a  platinum  wire  in  a  glass  tube,  the  glass  is  heated 
by  means  of  a  pointed  flame,  at  the  same  time  the  end  of  a 
platinum  wire  is  brought  into  contact  with  the  heated  part. 
The  wire  welds  to  the  glass,  and  when  pulled  away  forms  in 
the  glass  a  small  tubulated  aperture  into  which  the  wire  is 
inserted  (Fig.  63 7«).  When  the  glass  around  the  wire  is 
heated,  it  becomes  welded  to  the  wire,  thus  forming  a  per- 
fectly  sealed    joint.      When   a   particularly    good    job    is 

Fig.  638. 
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Cutting  Glass  Bottles. 

desired,   some  easily  melted  enamel  may  be  fused  on  the 
glass  around  the  wire.* 

CUTTING  GLASS  BOTTLES  AND  TUBES. 

It  often  happens  that  a  jar  for  a  battery  or  for  experi- 
mental uses  is  required  when  it  is  inconvenient  to  obtain  it 
from  the  dealer.  Fig.  638  shows  a  simple  way  of  cutting  off 
glass  bottles  so  that  they  ma}^  be  used  for  jars.  The  method 
consists  in  marking  one  side  of  the  bottle  at  the  point  where 
it  is  desired  to  begin  cutting,  and  applying  to  the  bottle  a 
hot  curved  wire,  at  the  same  time  giving  the  bottle  a  recip- 

*  For  full  information  on  this  kind  of  glass  blowing  the  reader  is  referred  to 
"The  Methods  of  Glass  Blowing,"  by  W.  A.  Shenstone. 
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rocating  rotary  motion.  Soon  a  crack  appears  at  the  file- 
mark,  and  by  slightly  turning  the  bottle  the  crack  may  be 
made  to  follow  the  wire  around  the  entire  circumference, 
making  a  smooth,  clean  cut.  If  the  crack  should  not  start 
promptly,  the  glass  may  be  cooled  by  bloAving  upon  it,  or  by 
the  application  of  a  drop  of  water,  which  is  pretty  certain  to 
start  it  in  the  right  direction.  Large  glass  tubes  may  be 
cut  b}-  the  same  method. 

HCiW    TO    PERFORATE    GLASS. 

To  make  a  small  hole  in  a  plate  of  glass  is  a  comparatively 
simple  matter.  All  that  is  required  to  do  it  i.^  a  yery  hard, 
sharp  drill,  some  means  for  turning  it,  and  a  lubricant,  such 

Fig    63q 


Softening  the  Shank  of  a  Drill. 

as  turpentine,  ior  causing  the  drill  to  cut  rapidly.  A  drill 
made  in  the  usual  form  from  steel  wire  and  hardened  by 
heating  it  until  it  is  dark  red  and  then  plunging  it  in  mer- 
cury, will  be  yery  hard,  but  not  tough.  Before  the  drill  is 
heated  it  should  be  driyen  into  a  block  of  lead  so  that  its 
point  will  just  be  inclosed  by  the  lead,  and  after  the  drill 
has  been  hardened  in  the  mercury  its  point  should  be  inserted 
in  the  indentation  in  the  lead,  as  shown  in  Fig.  639,  and  the 
temper  of  the  shank  of  the  drill  should  be  drawn  over  a 
lamp  or  gas  flame  to  a  blue.  The  lead  prevents  the  drill 
point  from  becoming  heated  sufficiently  to  draw  the  tem- 
per, by  conducting  the  heat  away  as  fast  as  it  arrives  at  the 
point.  When  the  shank  of  the  drill  becomes  blue  to  within 
a  short  distance  of  the  lead,  the  drill,  together  with  the  lead, 
should   be  plunged   into  cool   water.     Another    very    good 
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way  of  hardening-  a  drill  for  perforating  glass  is  to  heat  the 
drill  to  a  dark  red,  then  plunge  it  into  a  strong  solution  of 
zinc  chloride.  This  is  prepared  by  dissolving  zinc  in  muri- 
atic acid.  Zinc  should  be  gradually  added  until  the  action 
ceases. 

The  drill  prepared  in  this  way  should  be  wet  with  tur- 
pentine or  turpentine  and  camphor  while  in  use,  to  cause  it 
to  "  take  hold."  It  is  advisable  to  drill  from  opposite  sides 
of   the  glass  whenever  this  is  possible.     The  hole  may  be 

Fio.   O40. 


Perforating  Glass. 


enlarged  by  means  of  a  sharp  round  file  wet  with  turpen- 
tine. When  larger  holes  are  required,  these  cannot  con- 
veniently be  made  with  a  drill.  A  copper  or  brass  tube 
charged  with  emery  and  water  or  emery  and  turpentine, 
and  rotated  in  contact  with  the  glass,  will  soon  cut  a  hole  a 
little  larger  than  the  tube. 

Simple  ways  of  guiding  and  revolving  the  tube  are 
shown  in  Fig.  640.  The  glass  to  be  drilled,  which  may  be 
the  plate  of  an  electrical  machine,  for  example,  is  placed 
upon  a  table  with  a  few  thicknesses  of  paper  underneath  its 
center.     Two    blocks  are  placed  on  the  table   at  diametri- 
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call}-  opposite  edges  of  the  disk,  and  a  thick  bar  of  wood, 
which  is  bored  at  the  center  to  receive  the  copper  or  brass 
tube,  is  placed  upon  the  blocks  and  clamped  firmly  to  the 
table.  The  glass  plate  is  arranged  so  that  its  axis  coincides 
with  that  of  the  hole  in  the  bar.  The  plate  is  then  clamped 
in  place  by  gently  inserting  two  wooden  wedges  between 
the  wooden  bar  and  the  glass. 

The  tube  by  which  the  cutting  is  done  is  stopped  by  a 
wooden  plug  at  the  middle  of  its  length,  and  in  the  upper 
part  is  inserted  a  soft  rubber  stopper  which  rests  upon  the 
wooden  plug,  also  a  piece  of  heavy  rubber  tubing  which 
rests  upon  the  stopper.  In  the  rubber  tube  is  inserted  one 
end  of  a  close-fitting  metal  shank,  the  other  end  of  which  is 
fitted  to  an  ordinary  drill  stock.  This  arrangement  pro- 
vides for  a  certain  amount  of  flexibility  in  the  connection 
between  the  tube  and  the  drill  stock.  The  tube  is  revolved 
by  the  gearing  of  the  drill  stock  while  it  is  supplied  with  a 
mixture  of  No.  4  emer)'  and  water  or  emery  and  turpentine. 
The  pressure  on  the  drill  stock  should  be  light,  and  the 
tube  must  be  lifted  frequently  to  allow  a  fresh  supply  of 
emery  to  reach  the  surface  being  cut.  This  device  makes  a 
hole  in  the  glass  in  a  short  time. 

If  a  larger  aperture  is  desired,  the  glass  is  first  drilled  in 
the  manner  described,  and  enlarged  by  careful  cutting  with 
a  diamond. 

LENS    MAKING. 

To  make  an  ordinar}'  lens  requires  a  certain  degree  of 
manipulative  skill,  but  when  compared  with  a  fine  job  of 
filing,  fitting,  or  even  turning,  it  is  easy,  and  there  is  a 
charm  about  making  a  nicely  polished  lens  which  is  not 
found  in  metal  working.  The  t3'ro  should  commence  with 
small  piano  and  double  convex  lenses,  which  he  may  mount 
singly  or  in  pairs.  After  attaining  a  fair  proficiency  in  mak- 
ing these  he  may  proceed  to  larger  work,  and  afterward  by 
coupling  study  with  practice  he  will  be  able  to  make  fine 
work,  such  as  the  achromatic  objectives  of  microscopes  and 
telescopes,  eye-pieces,  lantern  objectives,  etc. 

The  first  thing  to  be  done  in  the  way  of   the  preparation 
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of  tools  for  lens  grinding  is  to  make  gauges  or  patterns  with 
which  to  gauge  the  convexity  of  the  grinding  tools.  These 
may  be  made  from  pieces  of  sheet  brass  about  one  thirty- 
second  inch  in  thickness,  the  plates  for  gauges  for  convex 
tools  being  chucked  on  a  plane  board  secured  to  the  face 
plate  of  the  lathe,  and  the  circular  aperture  turned  out. 
The  plate  should  be  beveled  each  way  from  the  aperture, 
forming  a  knife  edge,  and  it  should  be  separated  by  a  saw 
into  two  or  four  parts,  according  to  the  size  jf  the  lenses  to 
be  ground,  as  shown  at  i,  Fig.  641,  The  radius  of  the  cir- 
cle so  formed  will  be  approximately  the  focus  of  a  double 
convex  of  this  curvature,  and  the  diameter  of  the  circle  is 
approximately  the  focus  of  a  plano-convex  lens  of  the  same 
curvature. 

Gauges  for  concave  tools  or  concave  lenses  are  made  by 
turning  disks  of  brass  with  V-shaped  edges,  as  shown  at 
2,  and  an  instrument  for  shaping  small  concave  grind- 
ing tools  is  shown  at  3.  It  consists  of  a  sharpened  steel 
disk  attached  to  or  formed  upon  the  end  of  a  bar,  and 
used  as  a  scraper  for  giving  the  final  shape  to  the  concave 
grinding  tools. 

For  grinding  convex  lenses  it  is  well  to  have  two  con- 
cave tools  like  that  at  4.  This,  as  well  as  other  grinding  tools 
for  small  work,  should  be  made  of  brass.  Drawn  brass  is 
preferable,  as  it  is  usually  better  metal,  and  more  homo- 
geneous than  castings,  and  needs  no  external  turning. 

Having  determined  on  the  focus  of  the  lens  to  be 
ground,  the  brass  is  chucked  in  the  lathe,  and  hollowed  out 
as  nearly  to  the  correct  form  as  possible,  the  gauge  shown 
in  2  being  used  from  time  to  time  to  determine  when  the 
proper  concavity  is  reached.  The  grinding  tool  is  finally 
scraped  with  the  cutter,  3.  The  counterpart  of  the  con- 
cave tool  at  5  is  now  turned  as  nearly  to  the  gauge  shown 
at  I  as  possible,  and  is  finally  ground  into  the  concave  tool 
with  washed  flour  emery  and  water. 

A  tool  like  that  shown  at  6  is  necessary  for  finishing 
small  lenses.  It  consists  of  a  cylindrical  piece  of  brass  hav- 
ing a  chamber  turned  in  the  end  for  the  reception  of  a  mix- 
ture of  pure  hard  beeswax   and  fine   rouge.     This  mixture 


666 


EXPERIMENTAL    SCIENCE. 


should  contain  sufficient  rouge  to  make  it   rather  hard,  but 
not  so  hard  as  not  to  yield  under  strong  pressure. 

The  glass  for  small  lenses  may  be   clipped  from  bits  of 


Tools  for  Grinding  Small  Lenses. 


plate  (crown)  glass  and  roughly  shaped  by  means  of  an  ordi- 
nary pair  of  phers.  It  may  then  be  cemented  with  pitch  to 
the  end  of  a  round   stick,  as  shown  at  7 


The  glass  is  then 
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ground  on  a  common  grindstone  until  it  approximates  the 
required  shape.  It  is  then  ground  with  fine  emery  and 
water  in  one  of  the  concave  brass  tools  until  a  trul}'  spher- 
ical surface  is  secured.  It  is  then  transferred  to  the  other 
brass  tool,  and  ground  with  fine  washed  flour  emery  until 
the  surface  is  fine  and  entirely  free  from  scratches.  During 
the  grinding  as  well  as  polishing,  the  stick  to  which  the 
glass  is  cemented  must  be  turned  axiall}-,  and  at  the  same 
time  its  outer  end  must  be  moved  about  the  prolongation 
of  the  axis  of  thegrinding  tool  so  as  to  present  the  glass  to 
every  portion  of  the  grinding  tool  as  nearly  as  possible. 

The  final  polish  is  secured  by  pressing  the  smoothed 
glass  into  the  wax  in  the  end  of  the  tool  shown  at  6  as  the 
tool  is  revolved,  and  at  the  same  time  applying  fine  rouge 
and  water  from  time  to  time.  When  the  polish  is  nearly 
perfect,  the  tool  should  be  allowed  to  work  nearly  dr)'. 

For  a  plano-convex  lens  the  plane  surface  of  the  plate 
glass  will  answer  very  well  for  the  plane  surface  of  the  lens, 
and  the  glass  will  be  ground  down  as  shown  at  8.  If  the 
lens  is  to  be  double  convex,  the  finished  spherical  surface 
should  be  cemented  to  the  end  of  the  stick,  and  the  opposite 
side  proceeded  with  as  before  described.  There  are  two 
methods  of  finishing  the  edges  of  plano-convex  lenses  :  first, 
by  holding  the  plane  surface  in  a  concave  tool  charged  with 
emery  and  water  until  the  edge  is  beveled  to  the  required 
degree  ;  and  second,  by  chucking  the  lens  on  the  end  of  a 
spindle  projecting  from  the  lathe  mandrel,  and  centering 
it  while  the  pitch  or  cement  which  holds  it  is  still  warm. 
Then  a  piece  of  brass,  which  is  concaved  to  conform  nearly 
to  the  peripher}'  of  the  lens,  is  charged  with  emer)-  and 
water.  This  tool  is  held  against  the  edge  of  the  lens  after 
the  manner  of  turning.  The  lens  will  soon  assume  a  per- 
fectly circular  shape,  and  may  be  readily  reduced  to  any 
desired  size. 

In  making  concave  lenses  the  convex  tools  will  be  used, 
and  the  final  finish  will  be  given  by  a  piece  of  silk  cemented 
to  the  tool  with  pitch  and  charged  with  rouge  and  water. 

For  grinding  larger  lenses  of  longer  focus  an  attachment 
like  that  shown  in  Fig.  642  will  be  required.     It  consists  of 
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a  wooden  box  supported  by  a  curved  arm  inserted  in  the  tool 
rest  support.  A  vertical  journal  box  passes  through  the 
bottom  of  the  box,  and  contains  a  shaft  having  upon  its 
upper  end  a  socket  for  receiving  the  grinding  tool,  and  on 
the  lower  end  a  grooved  wheel  surrounded  by  a  rubber  fric- 
tion band,  which  is  revolved  by  contact  with  the  face  plate 
of  the  lathe.    The  speed  of  the  wheel  relativel}^  to  that  of  the 


Fig.  642. 


Lens-grinding  Attachment  for  Foot  Lathes. 


lathe  may  be  varied  by  raising  or  lowering  the  shaft  by  rais- 
ing or  lowering  the  box  support  in  the  tool  post. 

to  be  ground  is  cemented  to  the  face  of  a 


The 


glass 


flanged  casting  as  shown  at  9,  and  is  held  down  to  the  grind- 
ing tool  by  the  lever  attached  to  the  box.  The  tool  for  large 
work  may  be  made  of  cast  iron.  The  center  of  the  lens 
should  be  eccentric  to  the  center  of  the  grinding  tool,  so  that 
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the  lens  will  be  revolved  on  the  face  of  the  tool.  The  point 
projecting  from  the  lever  enters  a  small  cavity  in  the  center 
of  the  casting,  to  which  the  lens  is  attached,  and  insures  an 
equal  distribution  of  pressure  over  the  entire  surface  of 
the  lens. 

Grinding  and  finishing  a  large  lens  is  substantially  the 
same  as  in  the  case  of  the  smaller  ones,  the  only  difference 
being  in  the  method  of  giving  the  final  polish.  In  the  case 
of  a  large  lens,  after  the  fine  grinding,  the  tool  is  heated, 
covered  with  a  thin  coating  of  pitch,  and  a  piece  of  thin 
broadcloth  is  pressed  down  on  the  pitch.  This  broadcloth 
surface  is  charged  with  fine  rouge  and  water,  and  the  lens  is 
pressed  down  on  it  with  considerable  force  as  the  tool  is  re- 
volved. The  cloth  should  be  worked  rather  dry,  and  so 
much  so  at  the  end  of  the  process  as  to  offer  considerable 
resistance  to  the  rotation  of  the  tool. 

SIMPLE   PROCESS   OF  ENGRAVING   GLASS  AND   METALS. 

There  are  very  many  applications  for  an  inexpensive  and 
effectual  method  of  etching  or  engraving  glass  in  various 
forms,  plain  and  plated  metals,  enameled  surfaces,  pottery, 
etc.  Of  all  existing  processes  for  accomplishing  this  work, 
the  sand  blast  is  undoubtedly  capable  of  the  most  universal 
application.  In  point  of  effectiveness  and  in  general  use- 
fulness it  may  never  be  surpassed,  or  even  equaled  ;  yet  a 
substitute  for  it,  even  though  incapable  of  as  extended 
application,  will  find  uses  in  the  arts,  and  will  doubtless  be 
appreciated  by  amateurs. 

Such  a  process  is  illustrated  by  Figs.  643  and  644.  The 
requisites  for  carrying  out  the  process  in  its  simplest  form 
are :  A  pound  of  coarse  emery,  a  pound  of  lead  shot,  a 
wooden  box  10  or  12  inches  long  (a  cigar  box  will  answer 
for  the  experiment),  some  pieces  of  glass  or  metal,  and  some 
paper  patterns  or  stencils.  The  box  is  provided  with  a  clip 
at  the  back  and  a  sliding  clamp  at  the  front  for  holding  the 
plate  to  be  engraved,  and  it  may  with  advantage  be  fur- 
nished with  a  clamping  device  of  the  same  sort  at  the  upper 
end.  The  lid  of  the  box  must  be  provided  with  a  packing 
strip  of  thick  cloth  or  felt,  to  prevent  the  loss  of  emery. 
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Fig.  643. 


Simple  Method  of  Engraving  Glass  and  Metals. 
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The  glass  or  metal  to  be  engraved  is  cleaned  thoroughly, 
and  to  secure  the  best  effects  it  should  be  polished.  A 
paper  stencil  of  the  desired  form  is  fastened  to  the  glass  or 
metal  plate  by  means  of  mucilage  of  good  quality.  The 
pattern  should  be    made  of  thick  writing  paper,  and  care 


Fig,  644. 
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Examples  of  Engraving — Shot  magnified,  showing  Emery  embedded. 


should  be  taken  to  see  that  every  part  of  the  paper  is 
thoroughly  attached  to  the  plate.  Any  gum  around  the 
edges  of  the  paper  should  be  removed  by  means  of  a  moist 
sponge.  The  exposed  parts  of  the  plate  must  be  perfect!)' 
clean  and  free  from  streaks,  otherwise  there  will  be  unde- 
sirable markinsrs  on  the  finished  work. 
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When  metal  plates  are  to  be  engraved,  they  should  be 
well  polished  before  appl3-ing  the  stencil,  to  secure  good 
contrasts.  For  coarse  stencils  and  rough  work,  the  shot 
should  be  large  and  the  emery  coarse,  but  for  fine  work 
moderatel}'  fine  shot  and  finer  emery  are  required. 

After  the  plates  to  be  engraved  are  placed  in  the  box, 
the  shot  and  the  emery  are  poured  in,  the  box  is  closed 
and  the  lid  fastened,  when  the  box  is  shaken  violently  end- 
wise, causing  the  shot  and  emery  to  strike  the  plates  at 
opposite  ends  of  the  box  in  alternation.  The  shot,  in  the 
operation  of  driving  the  particles  of  emery  against  the 
plates,  become  charged  with  particles  of  emery,  as  shown 
in  Fig.  644. 

The  emery  becomes  so  embedded  in  the  shot  as  to 
be  permanent,  and  a  number  of  shot  thus  armed,  together 
with  loose  emery,  soon  abrade  the  surface  of  the  metal 
or  glass  wherever  it  is  unprotected  by  the  paper,  and 
produce  a  fine  matted  surface,  which  contrasts  strongly 
with  the  polished  parts  of  the  surface  protected  by  the 
paper.  After  roughening  the  unprotected  parts  of  the 
plate,  the  paper  stencil  is  soaked  off  and  the  plate  is 
dried,  and  in  case  it  is  metal,  it  is  lacquered. 

Symmetrical  stencils,  which  answer  a  very  good  pur- 
pose, may  be  made  by  cutting  paper  folded  in  various 
ways.  Lace  may  be  employed  as  a  stencil,  and  where  only 
slight  etching  or  engraving  is  required,  the  pattern  may 
be  produced  in  varnish. 

To  adapt  this  method  to  engraving  articles  having 
curved  or  irregular  surfaces,  the  box  is  left  open  at  the 
lower  end  and  provided  with  a  flexible  sleeve  of  soft  rub- 
ber. 

The  articles  to  be  engraved  are  held  against  the 
sleeve  by  leather  straps.  Designs  of  various  kinds  may  in 
this  way  be  permanently  delineated  upon  the  glass  and 
metal  ware,  and  upon  small  panes  of  glass  for  ornamental 
windows,  for  lamp  shades,  etc.  Mirrors  may  be  provided 
around  their  edges  with  leaves  and  flowers,  and  metal  pan- 
els may  be  prepared  for  various  kinds  of  ornamental  metal 
work. 
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AN    INEXPENSIVE,    USEFUL   LATHE 

A  lathe  that  will  answer  a  good  purpose,  and  which  may 
be  easily  made,  is  shown  in  the  accompanying  engravings. 


Fig.  645  represents  in  perspective  the  lathe  complete.  Fig. 
646  is  a  perspective  view  of  the  lathe  without  the  table. 
Fig.  647  is  a  vertical  longitudinal  section  of  the  lathe,  show- 
ing the  manner  of  securing  the  head  and  tail  stocks  to 
the  bars  which  form  the  bed. 
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In  making  this  lathe  one  pattern  only  will  be  required  for 
the  two  standards  of  the  head  stock,  and  the  support  of  the 
ends  of  the  bars.  The  lower  part  of  the  tail  stock  is  made 
in  two  parts,  so  that  the}'  may  be  clamped  tightly  together 
on  the  rods  by  means  of  the  bolt  passing  through  both  parts, 
and  provided  with  a  nut  having  a  lever  handle.  The  rest 
support  is  also  made  in  two  parts,  clamped  together  on  the 
rods  in  a  similar  way. 

The  patterns  may  be ,  easily  sawed  from  i^  inch  pine. 
The  holes  that  receive  the  round  bars  should  be  chambered 
to  receive  Babbitt  metal,  used  in  making  the  fit  around  the 
rods  forming  the  lathe  bed,  around  the  head  and  tail  spindles, 
and  around  the  shank  of  the  tool  rest.  The  smallest  diameter 
of  the  holes  that  receive  the  round  bars  should  be  a  little 
less  than  ihat  of  the  bars,  so  that  the  several  pieces  that  are 
placed  on  the  bars  may  be  fitted  to  hold  them  in  place  while 
the  Babbitt  metal  is  poured  in. 

The  dimensions  of  the  lathe  are  as  follows  : 

Length  of  round  bars  forming  shears,  24  inches  ;  diameter 
of  bars,  i  inch  ;  distance  from  the  upper  side  of  upper  bar  to 
center  of  spindle,  3  inches  ;  between  bars,  |  inch  ;  between 
standards  that  support  the  mandrel,  3-;^  inches;  size  of  stand- 
ard above  shears,  fxii^'  inches;  diameter  of  head  and  tail 
spindles,  f  inches  ;  diameter  of  pulleys,  5  inches,  3^  inches, 
and  2  inches  ;  width  of  base  of  standards,  5  inches  ;  height  of 
standards,  7  inches. 

The  mandrel  should  be  enlarged  at  the  face  plate  end, 
and  tapered  at  both  ends,  as  indicated  in  the  enpfraviup'. 

The  pulle3's,  which  are  of  hard  wood,  are  made  of  three 
pieces  glued  together,  bored,  and  driven  on  the  mandrel, 
secured  by  a  pin  passing  through  the  mandrel.  The  pul- 
ley is  turned  and  grooved  to  receive  a  round  belt.  The  rods 
forming  the  bed  may  be  either  cold-rolled  iron  or  round  ma- 
chinery steel ;  they  w:'l  require  no  labor,  except  perhaps 
squaring  up  at  the  ends.  The  castings  having  been  fitted  to 
the  bars,  and  provided  with  set  screws  for  clamping  them, 
the  two  standards  that  support  the  mandrel  and  the  support 
for  the  opposite  end  of  the  bars  are  put  in  position,  when 
the  bars  are  made  truly  parallel,  and  a  little  clay  or  putty 
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is  placed  around  each  bar  and  over  the  annular  cavity  that 
surrounds  it,  and  is  formed  into  a  spout  or  lip  at  the  upper 
side  to  facilitate  the  pouring  of  Babbitt  metal.  The  metal 
must  be  quite  hot  when  poured,  so  that  it  will  run  sharp 
and  fill  the  cavity.  To  guard  against  a  possible  difficulty  in 
removing  the  castings  from  the  bars,  the  side  of  the  bar 
next  the  screw  is  covered  with  a  thin  piece  of  paper. 

The  pieces  of  the  tail  stock  and  tool  rest  support  are 
fitted  to  the  bars  by  means  of  Babbitt  metal,  the  metal 
being  poured  first  in  one  half  and  then  in  the  other.  The 
bolts  which  clamp  the  two  parts  of  the  rest  support  and  tail 
stock  together  are  provided  with  lever  handles.  After  fit- 
ting the  parts  to  the  two  bars  by  means  of  Babbitt  metai, 
the  tail  spindle,  which  is  threaded  for  half  its  length,  is 
placed  in  the  tail  stock  parallel  with  the  bars  and  Babbitted. 
A  binding  screw  is  provided  for  clamping  the  tail  spindle, 
and  the  spindle  is  drilled  at  one  end  to  receive  the  center, 
and  has  at  the  other  end  a  crank  for  operating  it. 

A  steel  or  bronze  button  is  placed  in  the  hole  in  the 
standard  that  supports  the  smaller  end  of  the  live  spindle, 
and  the  spindle  is  supported  in  its  working  position  and 
Babbitted. 

The  thread  on  the  spindle  should  be  rather  coarse,  so 
that  wooden  or  type  metal  face  plates  and  chucks  may  be 
used. 

The  table  shown  in  Fig.  647  is  simple  and  inexpensive. 
It  consists  of  two  pairs  of  crossed  legs  halved  together  and 
secured  to  a  plank  top.  A  small  rod  passes  through  the 
rear  legs  near  their  lower  ends,  and  also  through  a  piece  of 
gas  pipe  placed  between  the  legs.  A  diagonal  brace  is 
secured  to  the  top  near  one  end,  and  is  fastened  to  the  lower 
end  of  the  rear  leg  at  the  other  end  of  the  table. 
,  A  block  is  secured  to  each  pair  of  legs  for  supporting  a 
pair  of  ordinary  grindstone  rollers,  which  form  a  bearing 
for  the  balance  wheel  shaft.  This  shaft  has  formed  in  it 
two  cranks,  and  it  carries  an  ordinary  balance  wheel, 
to  the  side  of  which  is  secured  by  means  of  hook  bolts  a 
grooved  wooden  rim  for  receiving  the  driving  belt. 

The  cranks  are  connected,  by  means  of  hooks  of  ordi- 
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nary  round  iron,  with  a  treadle  that  is  pivoted  on  the  gas 
pipe  at  the  rear  of  the  table.  The  shaft  will  work  toler- 
ably well,  even  if  it  is  not  turned. 


The  size  of  the  different  diameters  of  the  drive  wheel 
may  be  found  by  turning  the  larger  one  first  and  the  smaller 
ones  afterward,  using  the  belt  to  determine  when  the  proper 
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size  is  reached.     The  wooden  rim  may  be  turned  off  in  posi- 
tion by  using  a  pointed  tool. 

The  lathe  above  described,  although  very  easily  made 
and  inexpensive,  will  be  found  to  serve  an  excellent  purpose 
for  all  kinds  of  hand  work,  driUing,  polishing,  lens  making, 
wood  and  brass  turning  ;  also  for  use  in  many  experiments 
involving  rotary  motion. 

TEMPERING  DRILLS. 

A  very  simple  and  effective  method  of  hardening  and 
tempering  small  drills  ^V  inch  in  diameter  and  under  is  illus- 

FlG.   648. 


Tempering  Small  Drills. 


trated  in  Fig.  648.  It  consists  in  heating  the  drill  to  a  cherry 
red,  and  immediately  plunging  it  into  a  ball  of  beeswax. 
This  operation  will  give  the  drill  the  proper  temper  for  all 
ordinary  work,  and  will  leave  it  tough  and  strong. 

KNURLING. 
It  is  often  desirable  to  knurl  or  mill  the  edge  of  a  screw 

Fig.  649, 


Knurling, 

head  or  other  circular  pieces  when  no  knurl  is  at  hand.  This 
may  be  accomplished  by  rolling  the  screw  head  back  and 
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forth  under  a  millfile  as  shown  in  Fig.  649.      The  lower  edge 
of  the  screw  head  should  roll  upon  hard  wood. 

WIRE    APPARATUS   FOR    LABORATORY    USE. 

Before  the  year  1351  everything  known  as  wire  was 
hammered  out  by  hand,  but  at  that  date  or  thereabout  the 
art  of  wire  drawing  was  invented.  Since  th^n  the  art  has 
been  developed  and  expanded,  so  that  at  the  present  time 
wire  drawing  is  one  of  the  leading  industries,  and  we  have 
wire  of  every  size  and  shape  made  from  all  of  the  ductile 
metals,  and  used  in  an  infinite  num.ber  of  Ava3's. 

Several  new  as  well  as  some  well  known  forms  of  labor- 
atory appliances  made  of  wire  are  shown  in  Figs.  650,  651, 
and  652.  The  few  examples  of  wire  apparatus  for  the  labor- 
atory given  in  the  engraving  will  not  only  be  found  useful, 
but  will  prove  suggestive  of  other  things  equally  as  good. 
Wire  is  invaluable  for  these  and  kindred  purposes. 

Pieces  of  apparatus  may  often  be  made  in  the  time  that 
would  be  required  to  order  or  send  for  them,  thus  saving  a 
great  deal  of  time,  to  say  nothing  of  expense,  which  is  no 
inconsiderable  item  in  matters  of  this  sort. 

It  is  perhaps  unnecessary  to  describe  fully  in  detail  each 
article  represented  in  the  engraving,  as  an  explanation  of  the 
manipulations  required  in  forming  a  single  piece  will  apply 
to  many  of  the  others. 

For  most  of  the  apparatus  shown,  some  practically  unox- 
idable  wire  should  be  selected,  such  as  brass  or  tinned  iron, 
and  the  tools  for  forming  these  articles  of  wire  consist  of  a 
pair  of  cutting  pliers,  a  pair  of  flat  and  a  pair  of  round-nosed 
pliers,  a  fe\s^  cylindrical  mandrels  of  wood  or  metal,  made  in 
different  sizes,  and  a  small  bench  \'ise.  Any  or  all  of  the 
articles  may  be  made  in  different  sizes  and  of  different  sizes 
of  wire  for  different  purposes. 

Reference  to  the  individual  pieces  will  be  made  by  num- 
ber without  regard  to  the  figure  in  which  they  appear. 

No.  I  shows  a  pair  of  hinged  tongs,  which  are  useful  for 
handling  coals  about  the  furnace,  for  holding  a  coal  or  piece 
of  pumicestone  for  blowpipe  work,  and  for  holding  large  test 
tubes  and  flasks,  when  provided  with  two  notched  corks,  as 
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shown  at  2  and  14.  These  tongs  are  made  by  first  winding 
the  wire  of  one  half  around  the  wire  of  the  other  half  to  form 
the  joint,  then  bending  each  part  at  right  angles,  forming  on 
one  end  of  each  half  a  handle,  and  upon  the  other  end  a  ring. 
B}^  changing  the  form  of  the  ring  end  the  tongs  are  adapted 
to  handling  crucibles  and  cupels  and  other  things  in  a 
muffle. 

No.  3  shows  a  pair  of  spring  tongs,  the  construction  of 
which  will  be  fully  understood  without  explanation.  It  may 
be  said,  however,  that  the  circular  spring  at  the  handle  end 
is  formed  by  wrapping  the  wire  around  any  round  object 
held  in  the  vise ;  the  rings  at  the  opposite  end  are  formed  in 
the  same  way.  The  best  way  to  form  good  curves  in 
the  wires  is  to  bend  them  around  in  some  suitable  mandrel 
or  form. 

No.  4  shows  a  spring  clamp  for  holding  work  to  be  sol- 
dered or  cemented.     It  maj-  also  be  used  as  a  pinch  cock. 

No.  5  represents  a  pair  of  tweezers,  which  should  be  made 
of  good  spring  wire  flattened  at  the  ends. 

No.  6  is  a  clamp  for  mounting  microscope  slides  and  for 
holding  small  objects  to  be  cemented  or  soldered. 

No.  7  is  a  pinch  cock  for  rubber  tubing  ;  its  normal  posi- 
tion is  closed,  as  in  the  engraving,  but  the  end,  a,  is  capable 
of  engaging  the  loop,  b,  so  as  to  hold  the  pinch  cock  open. 

No.  8  shows  a  clamp  or  pinch  cock  having  a  wire,  c, 
hooked  into  an  63-6  in  one  side,  and  extending  through  an 
eye  formed  in  the  other  side.  This  wire  is  bent  at  right 
angles  at  its  outer  end  to  engage  a  spiral,  d,  placed  on  it  and 
acting  as  a  screw.  The  open  spiral  is  readily  formed  by 
wrapping  two  wires  parallel  to  each  other  on  the  same  man- 
drel, and  then  unscrewing  one  from  the  other.  The  handle 
will  of  course  be  formed  by  aid  of  pliers. 

No.  9  is  still  another  form  of  pinch  cock.  It  is  provided 
with  two  thumb  pieces,  which  are  pressed  when  it  is  desired 
to  open  the  jaws. 

No.  10  is  a  tripod  stand,  formed  by  twisting  three  wires 
together.  This  stand  is  used  for  supporting  various  articles, 
such  as  a  sand  bath  or  evaporating  dish,  over  a  gas  flame.  It 
is  also  useful  in  supporting  charcoal  in  blowpipe  work. 
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No.  II  shows  a  stand  adjustable  as  to  height  for  support- 
ing the  beak  of  a  retort,  or  for  holding  glass  conducting"  or 
condensing  tubes  in  an  inclined  position. 

The  retort  or  filter  stand,  represented  at  12,  is  shown 
clearh'  enough  to  require  no  explanation.  Should  the  fric- 
tion of  the  spiral  on  the  standard  ever  become  so  slight  as  to 
permit  the  rings  to  slip  down,  the  spirals  may  be  bent  later- 
ally, so  as  to  spring  tighth'  against  the  standard. 

No.  13  shows  an  adjustable  test  tube  holder,  adapted  to 
the  standard  shown  at  12,  and  capable  of  being  turned  on  a 
peculiar  joint,  so  as  to  place  the  tube  in  any  desired  angle. 
The  holder  consists  of  a  pair  of  spring  tongs,  having  eyes  for 
receiving  the  notched  cork,  as  shown  at  14.  One  arm  of  the 
tongs  is  corrugated  to  retain  the  clamping  ring  in  any  posi- 
tion along  the  length  of  the  tongs.  The  construction  of  the 
joint  by  which  the  tongs  are  supported  from  the  slide  on  the 
standard  is  clearly  shown  at  13^.  It  consists  of  two  spirals, 
g,  h,  the  spiral,  //,  being  made  larger  than  the  spiral,  g,  and 
screwed  over  it,  as  shown  at  13.  This  holder  is  very  light, 
strong,  and  convenient. 

No.  1 5  represents  a  holder  for  a  magnifier,  which  has  a 
joint,  /I,  similar  to  the  one  just  described.  The  slide,/', 
is  formed  of  a  spiral  bent  at  right  angles  and  offset  to  ad- 
mit of  the  two  straight  wires  passing  each  other.  This 
holder  may  be  used  to  advantage  by  engravers  and  draughts- 
men. 

No.  16  shows  a  holder  for  a  microscope  condenser,  the 
difference  between  this  and  i^  being:  that  the  rina:  is  made 
double  to  receive  an  unmounted  lens. 

No.  17  shows  a  Bunsen  burner,  formed  of  a  common 
burner,  haying  a  surrounding  tube  made  of  wire  wound  in  a 
spiral,  and  drawn  apart  near  the  top  of  the  burner  to  admit 
the  air,  which  mingles  with  the  gas  before  it  is  consumed  at 
the  upper  end  of  the  spiral. 

No.  1 8  represents  a  connector  for  electrical  wires,  which 
explains  itself.  The  part  with  a  double  loop  may  be  attached 
to  a  fixed  object  by  means  of  a  screw.  Another  electrical 
connector  is  shown  at  19,  one  part  of  which  consists  of  a 
spiral  having  an  eye   formed  at   each  end   for  receiving  the 
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screws  which  fasten  it  to  its  support ;  the  other  part  is  simply 
a  straight  wire  having  an  eye  at  one  end.  The  connection 
is  made  by  inserting  the  straight  end  in  the  spiral.  To  in- 
crease the  friction  of  the  two  parts,  either  of  them  may  be 
curved  more  or  less. 

A  microscope  stand  is  shown  at  20.  The  magnifier  is 
supported  in  the  ring,  o.  The  ring,  /,  supports  the  slide,  and 
the  double  ring,  q,  receives  a  piece  of  looking  glass  or  polished 
metal,  which  serves  as  a  reflector. 

No.  21  shows  a  set  of  aluminum  grain  weights  in  common 
use.  The  straight  wire  is  a  one-grain  weight,  the  one  with 
a  single  bend  is  a  two-grain  weight,  the  one  having  two 
bends  and  forming  a  triangle  is  a  three-grain  weight,  and 
so  on. 

Nos.  22  and  23  are  articles  now  literally  turned  out  bj' the 
million.  It  is  a  great  convenience  to  have  one  of  these  inex- 
pensive little  corkscrews  in  every  cork  that  is  drawn  occa- 
sionally, thus  saving  the  trouble  of  frequently  inserting  and 
removing  the  corkscrew. 

The  cork  puller  shown  at  24  is  old  and  well  known,  but 
none  the  less  useful  for  removing  corks  that  have  been 
pushed  into  the  bottle,  and  for  holding  a  cloth  or  sponge  for 
cleaning  tubes,  flasks,  etc. 

No.  25  shows  a  stand  for  test  tubes.  The  wire  is  formed 
into  series  of  loops  and  twisted  together  at  r  to  form  legs. 
A  very  useful  support  for  flexible  tubes  is  shown  at  26.  It 
consists  of  a  wire  formed  into  a  loop,  and  having  its  ends 
bent  in  opposite  directions  to  form  spirals.  A  rubber  tube 
supported  by  this  device  cannot  bend  so  short  as  to  injure  it. 

Most  of  the  articles  described  above  may  be  made  to  the 
best  advantage  from  tinned  wire,  as  it  possesses  sufficient 
stiffness  to  spring  well,  and  at  the  same  time  is  not  so  stiff  as 
to  prevent  it  from  being  bent  into  almost  any  desired  form. 
Besides  this  the  tin  coating  protects  the  wire  from  corrosion 
and  gives  it  a  good  appearance. 

CORK   BORER. 

An  effective  cork  borer  can  be  made  by  forming  a  tube  of 
tin,  allowing  the  edges  to  abut,  and  sharpening  the  ends  of 
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the  tube  by  means  of  a  fine  file  as  shown  in  Fig.  653.  To 
prevent  tearing  the  cork  by  the  interruption  of  the  cutting 
edge  at  the  seam  of  the  tube,  the  edge  is  notched  at  this 
point  as  shown. 

A  wire  handle  is  soldered  to  the  unsharpened  end  of  the 
tube. 

APPARATUS    FOR   SOLDERING   AND    MELTING. 

No  laboratory  is  complete    without    an    efficient  blow- 
pipe and  some  means  for  operating  it ;  and  while  it  is,  as 

Fig.  653. 


Cork  Perforator. 


a  rule,  advisable  to  purchase  apparatus  of  this  class  rather 
than  make  it,  a  few  hints  on  the  construction  of  a  bellows, 
a  blowpipe,  and  a  small  furnace  may  not  be  out  of  place. 
The  bellows  and  furnace  are  of  the  kind  devised  by  Mr. 
Fletcher. 

In  the  construction  of  the  bellows  the  following  mate- 
rials are  required :  Two  hard  wood  boards  10  X  11  inches, 
and  ^  inch  thick  ;  one  circular  board  i  inch  thick  and  9 
inches  in  diameter ;  one  piece  of  heavy  sheepskin  30  inches 
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long,  7  inches  wide  at  the  middle,  and  tapering  to  2  inches 
at  the  ends  ;  two  disks  of  elastic  rubber,  each  1 1  inches  in 
diameter  and  ^V  inch  thick ;  one  small  scoop  net ;  3  inches 
of  f  brass  tubing ;  three  small  hinges ;  a  spiral  bed  spring, 
and  two  iron  straps. 

The  10  X  II  inch  boards  are  rounded  at  the  ends,  as 
shown  at  i  and  2,  Fig.  654,  and  their  square  ends  are  con- 
nected together  by  the  hinges  as  shown  at  4.  A  hole  is 
made  in  the  lower  board  near  the  hinged  end  and  covered 


Blowpipe  Bellows. 


by  the  valve  shown  at  3.  The  valve  consists  of  a  soft 
piece  of  leather,  having  attached  to  it  two  wooden  blocks, 
one  of  which  is  fastened  to  the  board  in  position  to  hold 
the  other  in  the  position  of  use.  These  blocks  are  beveled 
so  as  to  give  the  valve  sufficient  lift  and  at  the  same  time 
limit  its  upward  motion.  The  circular  board  has  a  groove 
turned  in  its  edge,  and  in  a  hole  formed  in  its  edge  is  in- 
serted the  brass  tube.  A  hole  is  bored  into  the  top  of  the 
circular  board,  which  communicates  with  the  inner  end  of 
the  brass  tube,  and  a  series  of  holes  are  made  in  the  cir- 
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cular  board,  which  also  passes  through  the  upper  board  of 
the  bellows.  Over  these  holes  is  placed  a  strip  of  soft, 
close-grained  leather,  which  is  secured  by  nailing  at  the 
ends.     This  leather  strip  forms  the  upper  valve. 

The  bed  spring  is  secured  to  the  upper  and  lower 
boards,  and  the  bellows  is  ready  to  receive  its  covering. 
The  spring,  the  hinges,  and  the  valves  should  be  secured 
with  great  care,  as  they  are  inaccessible  when  the  leather 
covering  and  the  rubber  disks  are  in  place.  The  boards 
are  closed  together,  reducing  the  space  between  them  to 
about  5-J  inches.  They  are  held  in  this  position  in  any 
convenient  way  until  the  cover  is  attached.  The  leather 
covering  is  glued,  and  tacked  at  frequent  intervals.  The 
leather  is  carried  around  the  corner  and  over  the  hinared 
ends  of  the  boards.  An  additional  piece  of  leather  is  glued 
over  the  hinged  end,  and  a  narrow  strip  of  leather  is  glued 
to  the  edges  of  the  boards  to  cover  the  tacks  and  the 
edges  of  the  leather  covering.  The  job  will  be  somewhat 
neater  if  the  edges  of  the  boards  are  rabbeted  to  receive 
the  edge  of  the  covering  and  the  tacks. 

The  rubber  disks  are  stretched  over  the  circular  board 
and  secured  by  a  strong  cord  tied  over  the  rubber  and  in 
the  groove  in  the  edge  of  the  board.  The  net  is  after- 
ward secured  in  place  in  the  same  way.  The  net  should 
be  so  loose  as  to  allow  the  rubber,  when  inflated,  to  assume 
a  hemispherical  form,  as  shown  at  5.  A  cleat  is  attached  by 
screws  to  the  hinged  end  of  the  lower  board,  and  a  straight 
iron  strap  is  attached  to  the  rounded  end  of  the  same 
board.  The  corresponding  end  of  the  upper  board  is  pro- 
vided with  an  offset  iron  bar,  upon  which  the  foot  is  placed 
when  the  bellows  is  used.  The  hole  closed  by  the  lower 
valve  is  covered  by  a  piece  of  fine  wire  gauze  tacked  to  the 
under  surface  of  the  low^er  board  to  prevent  the  entrance 
of  lint  and  dust. 

The  blowpipe,  which  is  connected  with  the  brass  tube  of 
the  bellows  by  means  of  a  rubber  pipe,  is  shown  in  section 
in  the  upper  part  of  Fig.  656.  It  consists  of  two  pipes 
attached  to  each  other  and  adapted  to  receive  the  rubber 
pipe  connections  at    one    end.     At    the  opposite  end  they 
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are  arranged  concentrically,  the  aperture  of  the  smaller  pipe 
— which  receives  the  air — being  reduced  0'05  of  an  inch. 
The  outer  and  larger  pipe,  which  receives  the  gas,  is  pro- 
vided with  a  sliding  nozzle,  by  means  of  which  the  flow  of 
gas  can  be  easily  controlled.  The  internal  diameter  of  the 
smaller  end  of  the  nozzle  is  one-quarter  inch.  These  dimen- 
sions are  correct  onl}^  for  a  blowpipe  for  small  and  medium 
work,  i.  e. ,  for  brazing  or  soldering  the  average  work  done 
in  the  making  of  physical  instruments  ;  for  melting  two  or 
three  ounces  of  gold,  silver,  brass,  and  other  metals  ;  and 
for  forging  and  tempering  tools  and  small  articles  of  steel, 
and  for  glass  blowing  on  a  small  scale. 

The  gas  is  taken  from  an  ordinary  fixture  by  means  of  a 
rubber  tube,  the  supply  being  regulated  entirely  by  the 
movable  nozzle  of  the  blowpipe.  The  force  of  the  blast 
varies  with  the  manner  in  which  the  bellows  is  operated. 

Fig.  655. 


Grinding  Borax. 

One  of  the  best  supports  for  articles  to  be  brazed  or  sol- 
dered is  a  brick  of  pumice  stone.  It  heats  quickly,  is  very 
refractory,  it  admits  of  securing  the  work  by  tacks  or  nails 
driven  into  it.  It  has  the  further  advantage  of  being  in- 
combustible. The  work  to  be  brazed  or  soldered  must  be 
well  fitted,  i.  c,  there  must  be  a  good  contact  between  the 
abutting  or  overlapping  edges,  and  the  contact  surfaces  must 
be  well  painted  with  a  cream  formed  by  grinding  borax 
with  a  few  drops  of  water  on  a  slate  (Fig.  655).  When 
necessary,  the  work  may  be  held  together  by  an  iron 
binding  wire.  The  solder  is  coated  with  the  borax  cream 
before  it  is  applied  to  the  joint.  For  most  work  silver 
solder  is  preferred,  as  it  is  ver}'  strong,  being  both  duc- 
tile and  malleable. 

The  work  is  heated  gradually  until  the  water  of  crystal- 
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lization  is  driven  from  the  borax,  then  the  work  is  heated 
all  over  until  the  solder  is  on  the  point  of  melting,  when  a 
concentrated  flame  is  applied  to  the  joint  until  the  solder 
flows.  Care  should  be  taken  to  use  the  reducing  flame 
rather  than  the  oxidizing  ffame.  Should  it  be  found  diffi- 
cult to  confine  the  heat  to  the  work,  pieces  of  pumice  stone 
maybe  placed  around  the  part  containing  the  joint,  as  shown 
in  Fig.  656. 

A  large  number  of  small  articles  may  be  easily  and  quickly 

Fir,.  656. 


Brazing. 


soldered  by  placing  them  on  a  bed  formed  of  small  lumps 
of  pumice  stone  and  proceeding  from  one  article  to  another 
in  succession. 

For  supporting  small  work,  having  a  number  of  joints 
and  requiring  much  fastening,  the  slabs  of  asbestos  are  very 
desirable.  For  very  small  work  to  be  done  with  the  mouth 
blowpipe,  the  prepared  blocks  of  willow  charcoal  are  used. 

After  soldering,  the  borax  may  be  removed  by  boiling 
the  article  in  sulphuric  acid. 

If  the  work  is  of  such  a  character  that  it  is  inconvenient 
to  clasp  or  rivet  it  together,  or  even  to  wire  it,  it  may  be 
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kept  in  place  upon    the  coal  or   pumice  stone  b}'   means  of 
tacks  torced  in  at   points,   where   they   will   be  effectual  in 

Fig.  657. 


Method  of  holding  Work  for  soldering. 

holding  the  work.     When  tacks  are  unavailable,  parts  may 
be  held  by  wire  loops  and  stays  (Fig.  657). 

If  part  of  the  work  has  been  already  done,  and  it  is  de- 

FlG.   65S. 


Work  incased  for  soldering. 


sired  t(j  unite  several  pieces,  having  parts  which  have  been 
previously  soldered,  in  close  proximity,  these  parts  may  be 
held  in  any  position,  and  at  the  same  time  the  joints  already 
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soldered  may  be  prevented  from  melting  by  incasing  the 
work  in  the  following  manner  : 

Take  equal  parts  of  plaster  of  Paris  and  fine,  sharp  sand ; 
add  a  sufficient  quantity  of  water  to  make  a  thick  batter, 
and  imbed  the  work  in  it,  leaving  the  entire  joint  to  be  sol- 
dered and  the  adjacent  parts  exposed.  Care  must  be  taken 
to  not  get  the  plaster  into  the  joint,  as  that  would  prevent 
the  solder  flowing. 

It  is  difficult  to  hold  all  the  various  parts  which  are  to  be 
united  so  as  to  apply  the  plaster ;  the  parts  may  be  put  into 
position  one  by  one,  and  fastened  temporarily  by  means  of 
a  drop  of  wax,  which,  when  the  work  is  incased  and  the 

Fig.  659. 


Soldering  Iron. 

plaster  sets,  may  be  readily  melted  out  and  the  flux  and 
solder  applied.  In  every  case  where  it  is  possible,  the  flux 
should  be  well  brushed  into  the  joints  before  placing  the 
work  on  its  support.  A  convenient  way  of  preparing  flux 
for  small  work  is  to  rub  a  piece  of  borax  about,  with  a 
few  drops  of  water,  on  a  porcelain  slab  or  common  slate, 
as  before  described,  until  it  appears  like  paste  ;  this  should 
be  applied  to  the  work  with  a  camel's  hair  pencil.  Small 
pieces  of  solder  are  dipped  into  the  borax  paste  and  put 
on  the  joints  of  the  work.  A  pair  of  tweezers  will  be  found 
convenient  for  this. 

When  the  job  is  incased  as  in  Fig.  65S,  it  may  be  placed 
in  a  common  fire  until  it  has   nearly    attained  a  red  heat, 
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when  it  will  be  found  that,  on  appl_ying  the  blowpipe,  the 
solder  will  readily  flow  with  little  expenditure  of  time  and 
breath. 

A  few  solders,  the  metal  to  which  the_y  are  applied,  and 
their  appropriate  fluxes,  are  tabulated  below : 

NAME.  COMPOSITION. 

Soft,  coarse Tin,  i  ;  lead,  2. 

Soft,  fine Tin,  2  ;  lead,  i. 

Soft,  fusible Tin,  2  ;  lead,  i  ;  bis.,  i. 

Pewterer's ....  Tin,  3  ;  lead,  4  ;  bis.,  2. 

Spelter,  soft Copper,  i  ;  zinc,  i. 

Spelter,  hard Copper,  2  ;  zinc,  i. 

Silver,  fine Silver,  66  '6  ;  copper,  23  '4  ;  zinc,  10. 

Silver,  common. Silver,  66-6  ;  copper,  30'o  ;  zinc,  3'4. 

Silver,  for  brass  and  iron Silver,  i  ;  brass,  i. 

Silver,  more  fusible Silver,  i  ;  brass,  i  ;  zinc,  i. 

„   ,,    ,        o          .       ij  (    Gold,  18  carats  fine,  66"6. 

Gold,  for  i3  carat  gold J    gjj^^^^  ^^.^  .  ^^pp^^^  jg.^ 

Gold,  more  fusible. .  . Same  as  above  with  a  trace  of  zinc. 

Platinum Fine  gold. 

MATERIAL   TO   BE   SOLDERED.  SOLDER.  FLUX. 

Tin Soft,  coarse  or  fine.  Resin  or  zinc,  chl. 

Lead.  ...  Soft,  coarse  or  fine.  Resin. 

Brass,  copper,  iron  and  zinc. . .  .  Soft,  coarse  or  fine.  Zinc,  chl. 

Pewter Pewterer's  or  fusible.  Resin  or  zinc,  chl. 

Brass   Spelter,  soft.  Borax. 

Copper  and  iron Spelter,  soft  or  hard.  Borax. 

Brass,  copper,  iron,  steel Any  silver,  S.  Borax. 

Gold Gold,  S.  Borax. 

Platinum ...  Fine  gold.  Borax. 

The  chloride  of  zinc  solution  is  prepared  by  dissolving 
zinc  in  muriatic  acid  to  repletion  and  diluting  with  an  equal 
quantity  of  water.  For  iron,  a  small  quantity  of  sal-ammo- 
niac may  be  added.  For  large  work,  where  spelter  is  used, 
it  is  powdered  and  mixed  with  pulverized  borax,  the  mix- 
ture made  into  a  thick  paste  with  water,  and  applied  with 
a  brush. 

Soft  solders  are  fused  with  a  copper  (known  in  the  trade 
as  a  soldering  iron)  or  blowpipe  after  the  application  of 
the  appropriate  flux. 

While  the  work  is  still  hot  and  the  solder  fluid,  any  sur- 
plus may  be  nicely  removed  with  a  moist  brush.  A  neat 
joint  may  be  made  between  closely  fitting  surfaces  by  plac- 
ing a  piece  of  tin-foil  between  the  parts,  and  fusing  in  a  plain 
or  blowpipe  flame. 
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Just  here,  perhaps,  it  is  well  to  notice  the  action  and  use 
of  the  blowpipe  and  the  structure  of  the  blowpipe  flame. 

When  a  jet  of  air  from  a  blowpipe  is  directed  into  a 
gas  or  alcohol  flame,  the  form  of  the  flame  is  changed  to  a 
slender  cone,  having  at  two  points  characteristics  which 
differ  widely.  There  is  a  slender  internal  pencil,  having  a 
fine  blue  color,  which  is  known  as  the  reducing  flame,  shown 
at  a  in  Fig.  660,  and  an  external  flame,  b,  enveloping  the  blue 
pencil,  having  a  more  indefinite  form  and  a  brownish  color. 
This  is  the  oxidizing  flame.  A  piece  of  metal — tin  for  ex- 
ample— placed  at  the  apex  of  the  outer  or  oxidizing  flame  is 
rapidly  oxidized,  while  the  same  piece  placed  at  the  point 

Fig.  660. 


The  Blowpipe   Flame. 


of  the  internal  or  reducing  flame  immediately  assumes  a 
globular  form  and  has  the  brilliant  surface  of  clean  melted 
metal. 

The  rationale  of  this  is  that  at  the  extremity  of  the 
oxidizing  flame  there  is  intensely  heated  oxygen  in  condi- 
tion to  unite  with  anything  oxidable  ;  while  at  or  just  be- 
yond the  inner  or  reducing  cone  are  unburnt  gases  having 
a  high  temperature  and  a  strong  affinity  for  (jxygen,  and 
consequently  any  oxide  placed  at  this  point  will  be  deprived 
of  its  oxygen  and  reduced  to  a  metallic  state. 

From  this  the  conclusion  will  be  readily  arrived  at  that 
the  proper  point  in  the  blowpipe  flame  to  effect  the  fusion 
of  solder  is  just  beyond  the  apex  of  the  reducing  flame. 
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To  produce  a  uniform  continuous  jet  with  the  ordinarj- 
blowpipe  is  an  attainment  which,  to  some,  is  most  difficult. 
It  is  very  easy  to  state  that  it  is  only  necessary  to  cause 
the  mouth  to  maintain  the  jet  at  the  instant  of  inspiration, 
but  it  is  quite  another  thing  to  do  it.  The  blowing,  in  light 
work,  should,  for  the  most  part,  be  done  with  the  mouth 
alone.  It  must  be  made  to  act  the  part  of  a  pump  or  bel- 
lows, receiving  its  air  supply  from   the   lungs,  but  forcing 

Fig.  66i. 


Blowpipe  Furnace. 


its  contents  through  the  blowpipe,  principally  by  the  action 
of  the  tongue.  Let  the  tyro  close  his  lips  tightly,  and  with 
his  tongue  alone,  independently  of  his  lungs,  force  air  into 
his  mouth  until  his  cheeks  are  distended  to  their  fullest 
extent. 

This  done,  and  all  is  learned  ;  for  it  is  now  only  neces- 
sary to  place  the  blowpipe  in  the  mouth  and  continue  the 
action  (.)f  the  tongue,  when  it  will  be  found  that  a  continu- 
ous   blast    may    be    maintained    without   difficulty,  and  the 
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lungs  may  be  used  or  not  at  pleasure.  Let  it  not  be  under- 
stood from  the  foregoing  that  the  cheeks  are  to  be  puffed 
out  while  blowing.     This  is  not  advisable. 

Work  th-^t  is  too  large  to  be  readily  soldered  by  the 
means  already  noticed  may  be  done  in  a  charcoal  or  coke 
fire  with  a  blast.  Even  a  common  fire  of  coal  or  wood  may 
often  be  made  to  answer  the  purpose. 

Brazing  or  hard-soldering  of  any  kind  must  not  be  tried 
in  a  fire,  or  with  coals,  or  tools  which  have  the  least  trace  of 
soft  solder  or  lead  about  them.  Neither  must  the  brazing 
of  work  which  has  been  previously  soft-soldered  be  at- 
tempted.    A  neglect  of  these  cautions  insures  failure. 

A  wash  of  clay  applied  to  surfaces  which  are  not  to  be 
joined  prevents  the  flow  of  solder. 

The  vitrified  flux  ma}^  be  readilj?  removed  by  boiling  the 
articles  for  a  few  moments  in  dilute  sulphuric  acid.  This  is 
best  done  in  a  copper  vessel.    . 

GAS    FURNACE. 

The  small  gas  furnace  shown  in  Fig.  66i  may  be  used  in 
connection  with  the  blowpipe  and  bellows  already  described 
by  arranging  the  blowpipe  on  a  stand  and  placing  the  fur- 
nace upon  the  pumice  stone  brick  or  a  fire  brick.  The 
blowpipe  is  adjusted  to  deliver  a  blast  to  the  opening  of  the 
furnace.  The  crucible  in  which  the  metal  is  melted  rests 
upon  an  elevation  at  the  center  of  the  furnace,  as  shown  in 
the  sectional  view  in  Fig.  66i.  The  crucible  contains  besides 
the  metal  a  small  quantity  of  borax  for  a  flux.  A  brush  flame 
is  required,  and  the  blowpipe  must  be  carefully  adjusted  with 
reference  to  the  opening  of  the  furnace  to  secure  the  best 
results. 

With  this  furnace  and  blowpipe  two  ounces  of  metal  can 
be  melted  in  ten  minutes.  Its  capacity,  however,  is  greater 
than  that.  After  the  metal  is  rendered  sufficiently  fluid,  it 
may  be  poured  into  an  oiled  ingot  mould,  shown  in  Fig.  662, 
thus  giving  it  a  form  adapted  to  rolling  or  hammering,  or  it 
may  be  poured  into  a  sand  mould,  giving  it  any  desired 
form.  The  crucible  is  handled  by  means  of  the  tongs 
shown  in  Fig.  663. 
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The  body  of  the  Fletcher  furnace  is  formed  of  clay  treated 
in  a  peculiar  way  to  render  it  very  light  and  porous.  It  is 
4J4'  inches  in  external  diameter  and  4%  inches  high.  Its  in- 
ternal diameter  at  the  top  is  2|  inches,  at  the  bottom  2}^ 
inches.  The  hole  at  the  side  is  f  inch  in  diameter.  The 
cover,  which  is  i-^  inches  thick  and  of  the  same  diameter  as 

Fig.  662. 


Ingot  Mould. 

the  body,  is  concaved  on  its  under  surface  and  provided  with 
a  -|  inch  central  aperture.  The  cover  and  the  body  are  en- 
circled by  sheet  iron. 

It  is  not  difficult  to  make  a  furnace  which  will  compare 
favorably  with  the  original  article.  x\ny  tin  or  sheet  iron 
can  of  the  right  size  may  be  used  as  a  casing  for  the  furnace, 
provided  it  be  seamed  or  riveted    together.     A  quart  wine 

Fig.  663. 


Crucible  Tongs. 

bottle  having  a  raised  bottom  serves  as  a  pattern  for  the  in- 
terior of  the  furnace.  The  upper  portion  of  the  raised 
bottom  is  filled  in  with  plaster  of  Paris  or  cement  to  give  the 
crucible  support  a  level  top.  The  material  used  in  the  for- 
mation of  the  furnace  is  clay  of  the  quahty  used  in  the  man- 
ufacture of  fire  bricks,  or  even  common  bricks,  moistened 
and  mixed  with  granulated  fire  brick.  The  material  known 
as  "  stove  fix,"  used  in  repairing  the  lining  of  stoves,  answers 
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very  well  when  mixed   with  granulated  fire  brick  or  pumice 
stone. 

The  can  is  filled  to  the  depth  of  an  inch  with  the  material. 
The  chambered  bottom  of  the  wine  bottle  is  oiled  and  filled 
with  the  material  and  placed  in  the  can,  as  shown  in  Fig. 
664.  A  f  inch  wooden  plug  is  inserted  in  a  hole  in  the  side 
of  the  can,  to  be  afterward  withdrawn  to  form  the  blast  aper- 
ture.    The  can  is  then  filled  with  the  clay  mixture,  which  is 

Fig.  664. 


Making  a  Blowpipe  Furnace. 


tamped  in  lightly.  The  material  should  not  be  too  wet,  and 
it  is  well  to  oil  the  bottle  to  facilitate  its  removal.  When 
the  filling  operation  is  complete,  the  bottle  is  loosened  and 
withdrawn. 

The  cover  is  formed  by  filling  a  suitable  band  with 
the  clay  mixture.  The  furnace  is  allowed  to  dry  for  a  day 
or  so.  The  first  time  the  furnace  is  heated,  the  temperature 
should  be  increased  very  gradually. 
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MAKING    MOULDS    FOR,   AND   CASTING  AND    FINISHING 
ARTICLES   IN   THE    MORE   FUSIBLE   ALLOYS. 

By  the  following  simple  process,  with  few  tools  and  ma- 
terials, the  virtuoso  may  reproduce  his  rare  and  curious  arti- 
cles, the  artist  may  fix  his  ideas  in  enduring  metals,  and  the 
amateur  machinist  may  make  smooth,  finished  castings  for 
various  parts  of  his  machinery-.  It  is  not  supposed  that  this 
process  will  supplant  the  ordinary  means  of  producing  cast- 

FlG.   665. 


Plaster  Mould, 


ings  for  the  trades ;  but  it  will  be  found  useful  and  conveni- 
ent for  amateur  and  artisan. 

A  medallion,  a  bass-rehef,  or  an  article  of  less  artistic  de- 
sign may  be  chosen  for  a  pattern.  In  any  case  it  must  have 
the  necessary  qualifications  for  moulding,  namely,  a  smooth 
water-proof  surface  ;  a  sufficient  drmight  to  permit  it  to  be 
readily  removed  from  mould  ;  removable  pieces  for  under- 
cut places;  core  prints,  etc.  If  the  article  in  hand  is  one 
which  has  not  all  the  requisites  of  a  good  pattern,  a  remedy 
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may  be  found  in  filling  up  with  wax,  or  making  the  mould  in 
several  pieces. 

To  illustrate  the  method,  a  medallion  is  chosen.  If  there 
are  doubts  about  drawing  it  from  the  mould,  a  thin  ribbon 
of  wax  may  be  wrapped  around  its  edge.  The  pattern  now 
receives  a  coating  of  oil,  the  greater  portion  of  which  is  re- 
moved with  a  pledget  of  cotton.  It  is  placed  flatwise  on  a 
piece  of  glass  or  smooth  board,  previously  oiled.  Two  parts 
of  plaster  of  Paris  and  one  part  of  powdered  pumice  stone 
are  mixed  with  water  to  a  creamy  consistency,  and  a  small 
quantity  of  this  is  poured  on  the  pattern,  and  washed  about 
with  a  camel's  hair  pencil  until  no  air  bubbles  are  seen,  then 
a  little  more  is  poured  on,  so  as  to  overlap  the  medal  about 
half  its  diameter.  When  the  plaster  begins  to  set,  common 
pins  are  inserted  with  the  points  nearly  or  quite  touching 
the  medal.  The  mould  is  then  built  up  with  the  plaster 
until  it  is  sufficiently  strong. 

After  this  part  of  the  mould  becomes  hard,  it  must  be 
prepared — while  the  pattern  is  still  in  it — for  making  the 
counterpart.  This  is  done  by  first  making  two  slight 
grooves,  which  are  to  locate  the  channel  through  which  the 
metal  is  to  be  poured,  and  notching  the  sides  in  two  or  more 
places. 

The  part  of  the  mould  which  will  come  in  contact  with 
the  counterpart  is  brushed  over  with  powdered  soapstone.to 
render  it  separable.  The  pattern  is  oiled  and  the  surplus  re- 
moved as  before.  The  plaster  is  prepared  and  poured  care- 
fully over  the  pattern  and  upper  surface  of  the  mould  ;  care 
being  taken  to  get  it  well  into  the  notches,  which  form  the 
guides  for  the  counterpart.  When  the  plaster  begins  to  set 
the  pins  may  be  inserted,  and  this  part  of  the  mould  may  be 
thickened  up  until  it  is  stout  enough  to  bear  handling.  When 
the  plaster  becomes  hard  the  pins  are  removed,  leaving  vents 
which  facilitate  drying  the  mould  and  furnish  a  means  for  the 
escape  of  steam. 

The  mould  may  now  be  separated,  the  pattern  removed, 
and  the  channel  through  which  the  metal  is  to  be  poured 
may  be  cut  in  each  part  of  the  mould,  it  being  already  laid 
out.     Six  or  eight  slight  grooves  for  vents  are  to   be  cut 
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radially  from  the  impression  left  b}'  the  pattern  to  the  out- 
side of  the  mould.  The  mould  must  be  dried  thoroughly  in 
an  oven  or  upon  the  stove.  It  is  advantageous  in  some 
cases  to  brush  the  face  of  the  mould  over  with  soapstone 
powder,  care  being  taken  not  to  fill  the  finer  lines. 

A  fine  annealed  wire  is  wound  about  the  mould  to  hold  it 
together.  It  is  then  set  up  in  a  dish  of  sand,  which  holds  it 
upright  and  obviates  any  accident  which  might  occur  from 
overfilling  the  mould. 

A  bass-relief  may  be  readily  copied  b}-  taking  an  impres- 
sion in  precisely  the  same  manner  as  in  the  case  of  the  first 

Ftg.   666. 


Wax   Pattern. 


part  of  the  medaUion  mould.  If  the  article  to  be  copied  is  of 
such  a  nature  that  it  is  inadmissible  to  copy  it  in  this  manner, 
an  impression  in  wax  or  gutta-percha  must  be  taken  and  a 
duplicate  of  the  article  made  in  plaster  of  Paris.  After 
getting  the  impression  from  the  bass-relief,  provision  for  the 
thickness  of  the  metal  which  is  to  make  the  copy  is  made  in 
the  following  manner : 

Paraffine  and  beeswax,  in  the  proportion  of  one  of  the 
former  to  three  of  the  latter,  are  melted  together  and  cast 
into  a  thin  plate,  in  a  platter  which  has  been  moistened  to 
render  the  wax  easily  removable.  A  board  having  a  level 
surface  is  prepared,  and  two  strips  of  wood,  having  the  thick- 
ness of  the  metal  in  the  casting  to  be  made,  are  placed  near 
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opposite  edges  of  the  board,  as  in  the  illustration  (Fig.  666). 
A  roller  having  an  equal  diameter  throughout,  and  a  length 
which  is  a  little  greater  than  the  width  of  the  board,  is  pro- 
vided. 

The  mixture  of  paraffine  and  wax  (which  will  be  called 
wax)  is  warmed  slightly  (most  conveniently  in  warm  water) 
and  placed  upon  the  board,  which  must  be  wet,  and  the 
roller,  also  wet,  is  rolled  over  it  until  it  touches  the  strips  of 
wood,  the  wax  in  consequence  having  been  reduced  to  the 
thickness  of  these  strips.  And  now  while  the  wax  is  still 
slightly  warm — not  warm  enough,  however,  to  make  it  ad- 
hesive— it  is  carefully  worked  with  the  fingers  into  every 
part  of  the  impression  of  the  relief,  so  that  it  may  have  the 
form  of  the  back  of  the  desired  casting.  Should  the  wax 
stretch  so  much  as  to  become  too  thin  in  some  of  the  deeper 
places  in  the  mould,  it  should  be  backed  up  with  an  addi- 
tional sheet  at  that  point.  No  attempt  should  be  made  to 
force  the  wax  into  the  minute  depressions,  as  some  of  the 
fine  features  of  the  mould  might  be  injured.  The  wax  may 
be  trimmed  with  a  warmed  knife,  giving  the  edge  of  the 
work  the  required  form.  The  mould  from  this  point  out  is 
proceeded  with  in  the  same  manner  as  in  the  case  of  the 
medallion.  In  the  lower  part  of  Fig.  666  is  shown  a  longi- 
tudinal section  of  a  mould,  showing  the  position  of  the 
wax. 

The  following  alloys  are  recommended  as  suitable  for 
casting  in  the  moulds  above  described,  and  usually  a  num- 
ber of  perfect  casts  may  be  taken  from  a  single  mould  : 

An  alloy  consisting  of  zinc  4  parts,  tin  3  parts,  and  bis- 
muth I  part  is  of  a  light  silver}^  color,  with  a  brilliant  crys- 
talline surface. 

Zinc  7  parts,  antimony  4  parts,  bismuth  i  part,  makes  a 
fine  light  gray  metal. 

Antimony  i  part,  tin  4  parts,  makes  a  beautiful  white 
alloy  having  the  appearance  of  silver.  One  or  two  addi- 
tional parts  of  tin  renders  the  metal  more  malleable. 

These  alloys  all  run  sharp  and  make  fine  castings.  They 
may  be  readily  melted  in  a  ladle  in  a  common  fire,  or  in 
small  quantities  over  a  Bunsen  burner. 
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As  to  finish,  the  castings  may  be  left  as  taken  from  the 
mould,  or  they  may  be  lacquered  with  any  of  the  variously 
colored  lacquers.  Or  a  bronze  finish  having  the  true  patina 
antiqua  may  be  given  them  in  the  following  manner  :  Take  a 
small  roll  of  cotton  cloth,  -|  inch  diameter,  \  inch  in  length, 
and  wind  a  copper  wire  about  it  with  several  turns,  finally 
twisting  it  into  a  handle.  Dip  this  into  commercial  nitric 
acid  and  brush  over  the  casting  with  the  projecting  end  of 
the  cotton  roll. 

It  will  be  found  that  the  acid  dissolves  the  copper  suffi- 
ciently to  deposit  a  film  on  the  surface  of  the  casting.  The 
prominent  portions  of  the  casting  will  be  coated  with  metal- 
lic copper,  while  the  depressions  which  are  not  rubbed  with 
the  roll  will  be  coated  with  a  bluish-green  salt.  Immediatel}' 
after  the  casting  is  coated,  it  should  be  washed  in  clean 
water  and  wiped  ofi^  with  a  sponge,  care  being  taken  to  not 
disturb  the  green  deposit  in  the  depressions  of  the  casting. 
This  treatment  produces  this  effect  only  on  the  last  men- 
tioned alloy.  If  applied  to  the  second  one,  it  produces  a 
fine  dark  appearance  similar  to  oxidized  silver.  A  further 
improvement  may  be  made  in  the  castings  by  warming 
them  and  brushing  them  over  with  a  very  slight  coating 
of  wax. 

To  preserve  the  surface  of  the  crystalline  alloy,  it  should 
be  coated  with  a  very  thin  film  of  collodion. 

MOULDING   AND    CASTING   IN    SAND. 

To  be  able  to  mould  small  articles  in  sand  and  cast  them 
in  the  different  metals  is  (jften  a  great  convenience.  A  little 
practice  will  enable  one  to  do  a  fair  job  of  plain  work.  One 
or  more  flasks  made  in  halves  and  connected  by  doAvels  will 
be  required,  also  some  fine  moulding  sand,  which  may  be 
obtained  from  any  brass  or  iron  foundry.  The  sand  should 
be  new.  Old  moulding  sand  has  a  disagreeable  odor.  When 
the  moulding  sand  is  procured,  it  would  be  well  to  secure 
a  small  quantity  of  parting  sand  (sand  removed  from  hot 
castings)  and  some  plumbago  facing. 

The  sand  should  be  moistened  sufficiently  to  cause  it  to 
cohere,  but  it  must  not  be  too  wet.    An  extemporized  mould- 
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ing  bench  consisting  of  a  shallow  partly  covered  box  for  con- 
taining the  sand  is  desirable.  A  follow  board  is  placed  upon 
the  bench,  and  the  pattern  is  laid  upon  it.  The  lower  part 
of  the  flask — which  is  known  as  the  nowel — is  placed  upon 
the  board.  Sand  is  now  sifted  upon  the  pattern  through 
a  wire-cloth  sieve,  No.  20  mesh.  A  depth  of  only  i  inch  of 
sifted  sand  is  required.  The  nowel  may  now  be  hlled  with 
sand  from  the  box,  which  is  rammed  with  a  small  rammer, 

Fig.  667. 
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Moulding  in   Sand. 


somewhat  resembling  a  potato  masher.  The  wedge-shaped 
end  of  the  rammer  is  used  f'lr  compressing  the  sand  at  the 
sides  and  ends  of  the  flask,  while  the  cylindrical  end  is 
used  in  the  central  position.  When  the  nowel  is  full  of  sand 
it  is  leveled  by  means  of  the  scraper,  then  a  Httlc  loose  sand 
is  sprinkled  on,  and  the  other  follow  board  is  placed  on  the 
nowel.  When  the  latter  is  inverted  and  the  first  follow  board 
is  removed,  the  sand  is  removed  from  around  the  pattern  at 
the  parting  line,  or,  if  the  pattern  is  made  in  two  parts,  the 
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second  half  is  placed  on  the  first  half,  and  parting  sand  is 
sprinkled  over  the  face  of  the  lower  half  of  the  mould.  Sur- 
plus parting  sand  is  blown  away  by  a  blast  from  the  mouth 
or  from  a  hand  bellows.  The  upper  part  of  the  flask — called 
the  cope — is  placed  in  position  on  the  lower  half,  and  a  gate 
pin  is  inserted  in  the  sand  at  a  point  near  the  pattern.  The 
cope  is  now  filled  with  moulding  sand,  as  in  the  case  of  the 
nowel.  The  gate  pin  is  rapped  on  different  sides  and  re- 
moved. The  follow  board  is  placed  on  the  cope  when  the 
latter  is  lifted  from  the  nowel,  and  laid 
bottom  side  up  on  the  moulding  bench. 
The  pattern  screw,  a  (Fig.  668),  is  in- 
serted in  the  pattern  and  gently  rapped 
in  two  directions  at  right  angles  to  each 
other,  after  which  the  pattern  is  care- 
fully lifted  from  the  mould.  A  gate  is 
cut  from  the  mould  to  the  point  of  the 
pin  in  the  nowel  by  means  of  a 
thin    sheet    metal    bent    into 
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gate 


piece   of 

U-shape. 

If   an 


extra   smooth 


casting 


IS  re- 
quired, the  mould  should  be  dusted 
over  with  the  plumbago  facing.  This 
is  accomplished  by  shaking  over  the 
mould  a  muslin  bag  containing  the 
plumbago.  The  pattern  is  replaced  to 
smooth  the  surface  and  then  removed  ; 
the  mould  is  closed  and  clamped.  If 
the  object  is  of  some  size,  the  mould 
should  be  vented.  This  is  done  by 
from  the  outside  of  the  mould  to  the 
of  the  vent  wire  shown  at  b,  Fig.  668. 

If  during  the  process  of  moulding  any  particles  of  sand 
should  fall  into  the  mould,  they  may  be  taken  out  by  the 
right-angled  end  of  the  lifter,  c  (Fig.  668).  The  opposite 
end  of  the  tool  is  formed  into  a  thin  blade  known  as  a 
slick,  and  used  for  building  up  broken  parts  of  the  mould 
and  for  smoothing  plane  surfaces. 

Zinc  or  type  metal  may  be  melted  in  an  iron  ladle  in  a 


a,  Pattern  Screw. 

/',Vent  Wire,    c,  Lifter 

and  Stick. 

piercing   the   sand 
pattern   by  means 
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common  fire.  Brass  or  bronze  may  be  melted  in  a  sand 
crucible  in  a  coal  fire  having  a  good  draught.  In  small  quan- 
tities it  may  be  melted  in  the  gas  furnance  described  else- 
where in  this  chapter.  A  little  borax  should  be  placed  in 
the  crucible  as  a  flux. 

MAKING  CARBON   RODS  AND   PLATES. 

Carbon  rods  and  plates  of  the  finest  quality  can  be  made 
economically  only  by  the  use  of  expensive  machinery  and 
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Moulding  Carbon  Plates. 

apparatus,  such  as  pulverizing  mills,  hydraulic  presses,  and 
retorts  or  ovens  ;  but  the  amateur,  without  a  great  deal  of 
trouble,  and  with  very  little  expense,  can  make  carbon  plates 
and  rods  which  will  answer  a  good  purpose.  The  mate- 
rials required  are  coke,  wheat  flour,  molasses  or  sirup,  and 
water.  The  tools  consist  of  a  few  moulds,  a  trowel  or  its 
equivalent  for  forcing  the  carbon  mixture  into  flat  moulds, 
tubes  to  be  used  as  moulds  for  carbon  rods,  and  ramrods  for 
condensing  the  material  in  the  tubes  and  forcing  it  out,  and 
an  iron  mortar  or  some  other  device  for  reducing  the  coke 
to  powder. 
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Clean  pieces  of  coke  should  be  selected  for  this  purpose, 
and  such  as  contain  no  volatile  matters  are  preferred.  The 
coke  is  pulverized  and  passed  through  a  fine  sieve.  It  is 
then  thoroughly  mixed  with  from 
one-sixth  to  one-eighth  its  bulk 
of  wheat  flour,  both  being  in  a 
dry  state.  The  mixture  is  moist- 
ened with  water  (or  water  with 
a  small  percentage  of  molasses 
added)  sufficiently  to  render  it 
thoroughl}-  damp  throughout,  but 
not  wet.  It  should  now  be  al- 
lowed to  stand  for  two  or  three 
hours  in  a  closed  vessel  to  prevent 
the  evaporation  of  the  water.  At 
the  end  of  this  time  the  mixture 
may  be  pressed  into  moulds  of 
any  desired  form,  then  removed 
from  the  moulds  and  dried, 
slowly  at  first,  afterward  rapidly, 
in  an  ordinary  oven  at  a  high 
temperature.  When  the  plates  or  rods  thus  formed  are 
thoroughl}'  dried,  they  are  packed  in  an  iron  box,  or,  if 
they  are  small,  in  a  crucible,  and  completely  surrounded  by 
coke  dust  to  exclude  air  and  to  prevent  the  combustion  oi 

Fig.  671. 


Moulding 


Carbon  Rods. 


Discharging  the  Mould. 

the  plates  or  rods  chiring  the  carbonizing  process.  The  box 
or  crucible  must  be  closed  by  a  non-combustible  cover  and 
placed  in  a  furnace  or  range  fire  in  such  a  wa}-  as  to  cause  it 
to  be   heated  gradually  to   a   red  heat.     After  the  box  be- 
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comes  heated  to  the  required  degree,  it  is  maintained  at  that 
temperature  for  an  hour  or  so,  after  which  it  is  removed 
from  the  fire  and  allowed  to  cool  before  being  opened.  The 
rods  or  plates  are  then  boiled  for  a  half-hour  in  thin  sirup 
or  in  molasses  diluted  with  a  little  water.  I  hey  are  again 
baked  in  an  ordinary  oven  and  afterward  carbonized  in  the 
manner  already  described.  This  latter  process  of  boiling  in 
sirup  and  recarbonizing  is  repeated  until  the  required  den- 
sity is  secured. 

As  some  gases  are  given  off  during  carbonization,  it  is 
necessary  to  leave  the  box  or  crucible  unsealed  to  allow 
these  gases  to  escape. 

Fig.  669  shows  an  inexpensive  form  of  mould  for  flat 
carbon   plates.     It   consists   of   two  right-angled  pieces  of 


Fig.  672. 


Carbonizing  Box. 


wood  of  the  thickness  of  the 
carbon  plate  to  be  made,  and 
a  thick  plate  of  sheet  iron. 
The  iron  should  be  oiled  or 
smeared  with  grease  before 
the  mould  is  filled.  The  car- 
bon and  flour  mixture  is  press- 
ed into  the  mould  smoothly, 
the  wooden  pieces  are  re- 
moved, and  the  carbon  is   left 

When  dry  it  is  easily  separated 

be    handled    without 


clanger  of 


on  the  iron  plate  to  dr)r. 
from   the   plate   and   may 
breaking. 

Cylindrical  carbon  rods  may  be  formed  in  a  wooden 
mould,  as  shown  in  the  background  of  Fig.  669,  and  dried  in 
a  grooved  iron  plate  adapted  to  receive  them,  or  a  brass 
tube  may  be  used  as  a  mould,  as  shown  in  Figs.  670  and 
■671.  To  facilitate  the  fiUing  of  the  tube,  a  funnel  may  be 
formed  on  or  attached  to  one  end.  The  tube  may  be  filled 
with  carbon  entirely  from  the  top,  or  it  may  be  partly  filled 
by  forcing  its  lower  end  several  times  down  into  the  carbon 
mixture,  finishing  the  filHng  at  the  top.  The  lower  end  of 
the  tube  is  placed  on  an  iron  plate,  and  the  contents  are 
rammed  from  time  to  time  during  the  filling  operation. 
When  the  tube  is  filled,  it  is  discharged  in  the  manner  illus- 
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trated  by  Fig.  671,  /.  c,  by  pulling  it  over  a  fixed  rod  while 
its  discharge  end  delivers  the  carbon  cylinders  to  the  iron 
plate  on  which  they  are  to  be  dried  and  baked  preparatory 
to  carbonization.  The  plate  in  this  case  should  be  oiled  to 
prevent  the  adhesion  of  the  rods.  The  rod  by  which  the 
contents  of  the  tube  are  ejected  should  be  on  a  level  with  the 
top  of  the  iron  plate.  Fig.  672  shows  in  section  an  iron  box 
containing  plates  and  rods  packed  ready  for  carbonization. 

USEFUL   RECIPES. 

A  cement  for  leatlicr  and  soft  rubber. — Cut  gutta-percha 
shreds  in  bisulphide  of  carbon.  It  should  be  applied  to  the 
two  parts  to  be  united,  and  before  it  dries  the  parts  should 
be  pressed  together.  Care  should  be  taken  to  avoid  ap- 
proaching the  fire  or  light  with  this  cement,  as  the  vapor  of 
the  bisulphide  of  carbon  is  very  inflammable. 

Cement  for  rubber  cloth  and  leather. — Dissolve  pure  gum 
rubber  in  turpentine.  Apply  as  a  varnish,  and  when  tacky 
press  the  parts  together.  The  addition  of  a  small  amount  of 
gutta-percha  renders  the  cement  firmer. 

Cement  for  attaching  wood  to  glass  or  securing  flexible  rubber 
to  iron  or  wood. — Melt  together  equal  parts  of  yellow  pitch 
and  gutta-percha  ;  apply  warm.  The  parts  to  which  it  is 
applied  should  also  be  warm. 

The  addition  to  the  above  of  shellac  in  the  proportion  of 
about  I  of  shellac  to  2  of  the  above  cement  will  increase  its 
hardness. 

Cement  for  glass,  leather,  and  wood. — Soak  gelatine  in  cold 
water  overnight.  Pour  off  the  water  and  add  20  per  cent, 
of  acetic  acid,  melt  carefully  over  a  water  bath.  Apply  with 
a  brush. 

iMucilagc  for  labels. — Dextrine  dissolved  in  hot  water  with 
a  small  percentage  of  molasses  added,  forms  an  excellent 
mucilage. 

Alucilage  for  attaching  labels  to  glass,  metals,  or  wood. — A 
paste  formed  of  gum  tragacanth  and  water. 
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Insoluble  glue  for  wood  and  leather. — Prepare  a  good  quality 
of  white  glue  in  the  usual  wa}'.  Add  to  the  glue  when  pre- 
pared 5  per  cent,  of  bichromate  of  potash,  finely  powdered ; 
stir  it  until  the  bichromate  of  potash  is  thoroughly  dissolved. 
Articles  cemented  with  this  glue  should  be  exposed  to  the 
light  for  a  few  hours  to  render  the  glue  insoluble.  The  addi- 
tion to  the  above  of  a  little  glycerine  or  molasses  will  render 
it  flexible. 

Cement  for  leaf  Iter. — 16  parts  of  gutta-percha,  4  of  gum 
rubber,  2  of  yellow  pitch,  i  of  shellac,  melted  together  with 
2  parts  of  linseed  oil. 

Cement  impervious  to  bisulphide  of  earbon. — Best  qualit}^  of 
white  glue  with  10  per  cent,  of  molasses  added. 

Cement  for  insulating  tapes. — Pure  gum  rubber  dissolved 
in  turpentine,  with  the  addition  of  5  per  cent,  of  raw  linseed 
oil. 

Another  for  tapes. — Yellow  pitch,  8  parts  ;  beeswax,  2 
parts ;  tallow,  i   part. 

APuir head's  eement. —  3  pounds  Portland  cement,  3  pounds 
of  sharp  sand,  4  pounds  of  blacksmith's  ashes,  4  pounds  of 
resin.     Melt  the  resin  and  stir  the  other  ingredients  in. 

Black  cement. — i  pound  blacksmith's  ashes,  i  pound 
sharp  sand,  2  pounds  of  resin.  Combine  as  in  the  last 
recipe. 

Acid-proof  eement. — Melt  I  part  of  pure  rubber  in  2  parts 
of  linseed  oil,  add  6  parts  of  pipe  clay.  This  mixture  pro- 
duces a  plastic  cement  which  softens  b_y  heat,  but  does  not 
melt. 

Cement  for  gutta-percha. — Stockholm  tar,  i  part ;  resin,  i 
part ;  gutta-percha,  3  parts. 

Insulating  cement. — Shellac,  5  parts  ;  resin,  2  parts ;  Venice 
turpentine,  i  part ;  yellow  ocher,  3  parts. 

Common  sealing  wax  and  jeweler's  cement  are  very 
convenient  for  many  uses.  The  cement  sold  for  attach- 
ing bicycle  tires  to  the  wheels  is  useful  for  making  tanks, 
cementing-  rubber,  etc. 
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Varnislics. 

A  varnish  formed  by  dissolving  orange  shellac  in  95  per 
cent,  alcohol  is  indispensable  in  the  laboratory.  It  is  use- 
ful for  all  kinds  of  electrical  work  and  for  finishing  ■\vood 
and  metal  work.  It  may  be  readily  colored  by  the  addition 
of  pigments,  such  as  vermilion  for  red,  Hibernia  green  for 
green,  Prussian  blue  or  ultramarine  blue  together  with  flake 
white  for  blue,  and  calcined  lampblack  for  black.  For 
brown,  the  red  and  black  may  be  mixed.  For  purple,  the 
red  and  blue  may  be  mixed.  For  yellow,  finely  powdered 
yellow  ocher  or  chrome  yellow  may  be  added.  For  a  dead 
kack  varnish,  for  optical  and  other  uses,  alcohol,  with  a 
small  percentage  of  shellac  varnish  added,  mixed  with  cal- 
cined lampblack,  answers  an  excellent  purpose. 

A  lacquer  for  brass  ivork  is  made  as  folloius. — 8  ounces  of 
stick  lac  is  dissolved  in  a  half  gallon  of  alcohol  and  the  solu- 
tion is  filtered.  This  forms  a  pale  lacquer  which  dries  hard 
and  preserves  the  natural  color  of  brass  work. 

Another  lacquer  for  brass. — Dissolve  8  ounces  of  stick  lac, 
2  ounces  of  gum  sandarac,  2  ounces  annatto,  and  \  ounce  of 
dragon's  blood  in  3  quarts  of  alcohol.  It  should  be  filtered 
before  using.  This  forms  a  rich  gold-colored  lacquer.  The 
articles  to  which  these  lacquers  are  applied  must  be  warmed 
slightly  before  the  application  and  must  be  kept  hot  after 
the  application  until  the  alcohol  evaporates. 

Black  varnisli  for  metal  luork  and  polarizing  mirrors. — Dis- 
solve pure  asphaltum  in  turpentine,  add  a  few  drops  of 
boiled  oil  to  every  pint  of  the  varnish.  The  black  japan 
varnish  sold  as  one  of  the  bicyclists'  supplies  for  retouching 
the  japanned  surfaces  of  bicycles  is  an  excellent  black  varnish. 


INDEX. 


Absorption,  6 

Absorption  of  gases,  Ul 

Absorption  ol  gases  by  charcoal,  tj;^0 

Absorption  of  li^ht,  21T 

Achromatic  projection,  telescopic,  315 

Acid,  lithic,  273 

Acid,  stearic,  273 

Acid,  sulphuric,  and  water,  3 

Actions,  molecular,  56 

Adhesion,  58 

Adjustable  sound  reflector,  159 

Adjustment,  tine,  281 

Aerial  top,  100 

Air,  compressed,  flO 

Air,  effect  of  centi-if ugal  force  on,  12 

Air,  inertia  of,  1(19 

Air,  pressure  of,  89 

Air  pressure,  weight  lifted  by,  89 

Air  pump.  Inexpensive,  91 

Air  pump  receiver,  9H 

Air  pump,  treadle  for,  95 

Air,  reduction  of  volume  of,  by  pressure,  *i 

Air,  resistance  of,  on  falling  bodies,  38 

Air  thermometer,  184 

Air,  weight  of,  90 

Air,  withdrawing,  from  microscope  slides,  99 

Airy's  spirals,  258 

Alcohol,  cotton  In,  1 

Alcohol  and  water,  mixture  of,  3 

Alternating  current  circuit,  541 

Alternating  current  system,  534 

Alum  cell,  189 

Amalgamation  of  zincs,  402 

Ammeter,  453 

Ampere,  427 

Ampere's  experiment,  034 

Analysis  and  synthesis  of  light,  213 

Analysis  of  sounding  tlames,  148 

Analyzer,  235 

Anchor  plants,  290 

Ancient  Inventions,  106 

Anhydrite,  260 

Aniline  and  water,  4 

Annealed  glass,  24(J 

Annunciator,  487 

Ano-kato,  363 

Aquatic  plants,  287 

Arago's  experiment,  636 

Aragonite  hemitrope,  258 

Arborescent  forms  for  projection,  623 

Arborescent  magnetic  figures,  356 

Arc  lamp,  522 

Arc  light  circuit,  526 

Arc,  projection  of,  639 

Arc  system,  518 

Arc,  voltaic,  518 

Armature,  drum,  475 

Armature,  Gramme,  474 

Armature,  Weston,  winding  of,  519 

Arrangement  of  battery  cells,  429 

Arrangement  of  polarizer  and  analyzer,  238 

Art,  decorative,  suggestions  in,  272 

Ascensional  power  of  heated  air,  196 

Aspirators,  101 

Aspirators,  blast  produced  by,  105 

Aspiratoi's,  Chapman's,  103 

Aspirators,  receiver  for,  ICio 

Atmosphere,  crushing  force  of,  89 

Atmospheric  pressure,  91 


At(  iraizing  petroleum  burner,  101 

Audiometer,  571 

Autographs  of  the  electric  spark,  565 

Bage,  plate  holder,  320 

lialance,  54 

Balance,  readily  made,  86 

Balance,  thermoscopic,  185 

Ball  bearings,  10 

Ball  experiment,  99 

Balloon,  dilatation  of  In  a  vacuum,  85 

Balls,  collision,  624 

Balls,  dropped  and  projected,  4:} 

Bar,  C(»mpouud,  182 

Barometer,  91 

Barrett,  Prof.,  165 

Barry,  Philip,  167 

Batteries,  two-fluid,  409 

Batteries,  polarization  of,  395 

Battery   and    galvanometer,    experiments 

with,  394 
Battery,  caustic  potash,  408 
Battery  cells,  arrangement  of,  429 
Battery,  chromic  acid,  412 
Battery,  Daniell,  409 
Battery,  dry,  Br.  Gassner's,  407 
Battery,  Fuller,  413 
Battery,  gravity,  410 
Battery,  Grenet,  399 

Battery,  Grove,  411  '> 

Battery,  large  plunge,  401 
Battery  plates,  roughening,  418 
Battery,  secondary,  formation  of,  420 
Battery,  simple  plunge,  400 
Battery,  Smee's,  398 
Battery,  thermo-electric,  432 
Beach  pyro-potash  developer,  321 
Bee's  wing,  doubling  hooks  of,  291 
Bell,  Alexander  Graham,  190 
Bell  in  vacuo,  98  ' 

Bell,  over-tones  of,  144 
Bell,  polarized,  482 
Bell  telephone,  principle  of,  477 
Bending  glass  tubes,  657 
Bichromate  of  potash,  260 
Bicycles,  pedals  and  fehaftsof,  10 
Bifllar  suspension,  53 
Bird,  iiiechanical,  Penaud's,  Jll 
IJlack  glass  polarizer,  238 
Black  tones  on  photographs.  327 
Blackened  glass,  polarization  by  reflection 

from,  240 
Blake's  telephonic  transmitter.  579 
Blast  jiroduccd  by  asj.irator,  105 
Bhuul,  cli'culatioii  of,  295 
Blowpipe  Ixllows,  details  uf,  6sij 
Bl(iWi'i|i<.'  lUime,  693 
Blowpij"'  liirnace,  how  to  make,  6'.)7 
Bodies,  tailing,  38 
Bohnenberger  machine,  21 
Boihng  water  in  vacuo,  98 
Bologna  flask,  56 
Bomb,  candle,  195 
Boomerang,  113 
Bttrder,  composite,  276 
Border,  dado  and  frieze,  274 
Bottles,  cutting,  661 
Bouquet,  phant<:)m,  211 
Box,  musical,  119 
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Branch  circuits,  joint  resistance  of.  448 

Branchipus,  :i90 

Brazilian  pebbles,  269 

Brazing,  t)89 

Brewster ■'s  disk,  62;5 

Bridge  key  and  connections,  447 

Bridge  resistance  box,  444 

Bridge,  Wheatstone's,  443 

Bridges,  railroad,  \^bration  of,  136 

Bromine  box,  342 

Brown  tones  on  pliotographs,  327 

Buffing  the  plate,  339 

Bugle,  121 

Bunsen's  filter  pump,  102 

Burner,  oxy-hydrog'en,  60fs 

Burner,  petroleum,  atomizing,  101 

Bursting  lly-wheels,  ^ 

Buzz,  117 

Cadmium,  sulphate  of,  272,  274 

Calcite,  258 

Calcium  sulphide,  198 

Camera,  adjustm.ent  of,  319 

Camera,  photographic,  318 

Camera,  a  pocket,  328 

Candle  bomb,  195 

Candle,  electric,  for  lantern,  617 

Capillarity,  tiO 

Capillary  depression,  60 

Capillary  elevation,  (iO 

Capitol  at  AYashington,  159 

Carbon  rods  and  plates,  how  to  make,  705 

Carbonic  acid,  absorption  of,  by  charcoal, 
64,66 

Carbonic  acid,  for  experiment,  a  prepara- 
tion of,  65 

Carbonizing  plates  and  rods,  707 

Carbons,  paraffining,  402 

Card  experiment,  10(1 

Cartesian  diver,  79 

Casting  in  fusible  alloys,  695 

Casting  in  sand,  7U2 

Cast  iron  field  magnet,  508 

Caustics,  208 

Caution  about  illumination,  283 

Cell,  gutta-percha,  403 

Cell  for  polariscope,  641 

Cell,  wax,  making,  300 

Cements,  708 

Centrifugal  force,  11 

Centrifugal  force,  action  of,  on  air,  12 

Centrifugal  force,  action  of,  on  liquids.l2, 17 

Centrifugal  force,  top  for  showing  the  ac- 
tion of,  13 

Centrifugal  railway,  11 

Centrifugal  siren,  171 

Chapman's  aspirator,  103 

Charcoal,  absorption  of  carbonic  acid  by,  64 

Chemical  therraoscope,  198 

Chime,  electrical,  384 

Chloride  of  silver  cell,  405 

Choral  top,  12 

Chromic  acid  battery.  412 

Chromotrope,  217 

Chrysoberyl,  261 

Chrysolite,  260 

Church  windows,  ratthng  of,  125 

Ciliated  organisms,  microscopic  examina- 
tion of,  by  intermittent  light,  392 

Circuit,  arc  light,  525 

Circuit  of  simple  electric  motor,  505 

Circuits,  alternating  cuiTent,  541 

Circuits,  branch,  448 

Circuits,  telephone,  582 

Circular  polarization,  253 

Circulating  fountain  for  projection,  624 

Circulation  of  blood  in  fish's  tail,  295 

Circulation  of  blood  in  frog's  foot,  295 

Clamond's  thermo-electric  battery,  422 

Clappers,  116 


Cleaning  glass  for  polariscope,  262 

Clock,  one  hundred  year,  54 

Clock,  "Wheat stone's  polar.  269 

Clocks,  application  of  pendulum  to,  49 

Coating  the  plate,  340 

Cohesion,  56,  618 

Cohesion,   demonstration  of,  .W 

Cohesion  figures,  projection  of,  595 

Cohesion,  force  of,  on  liquids,  56 

Coil,  induction,  548 

Coliimation  of  telescopes,  313 

Collision  balls,  626 

Color,  214 

Column,  resistance,  511 

Communicating  vessels,  equilibrium  in,  74 

Commutator,  5o3 

Compact  telescope,  316 

Comparison  of  sound  and  light  waves,  200 

Composite  border,  276 

Composition  of  vibrations,  136 

Compound  bar,  183 

Compound  microscope,  281 

Compounding  rectangular  vibrations,  140 

Compressed  air,  99, 100 

Compressibility,  6 

Compressing  pump,  96 

Compression,  4 

Compression,  heat  due  to,  194 

Compressor,  293 

Concave  cyUndi'ical  mirror,  208 

Concave  reflectors,  192 

Concave  spherical  mirror,  211 

Concentration  of  sound,  158,  162 

Condenser,  554 

Condenser,  electrical,  381 

Condenser,  sub-stage,  285 

Conduction  of  heat,  193 

Conduction  of  sound,  125 

Conductivity  of  metals,  194 

Cone,  mica,  248 

Conical  pendulum,  46 

Conjugate  foci,  204 

Connections  of  plating  dynamo,  496 

Consequent  pole,  353 

Contact  prints,  325 

Converging  rays,  convex  lens,  206 

Converter,  358 

Convex  cylinder  mirror,  208 

Copying,  photographic,  319 

Cork  borer  684 

Cotton  in  alcohol,  1 

Cotton  and  alcohol  experiment,  619 

Coulomb,  lines  of  torsion,  53 

Course  of  fight  through  Iceland  spar,  334 

Course  of  light  through  a  prism,  203 

Cricket,  116 

Crooke,  W.  A.,  189 

Cross,  Maltese,  249 

Crucible  tongs,  696 

Crushing  force  of  the  atmosphere,  89 

Cryophorus,  Wollaston's,  188 

Crystallization,  examples  of,  274 

Crystals.  311 

Crystals,  leaves,  stalks  and  flowers,  277 

Crystals,  panel,  with  ornaments  of,  274 

Crystals,  polarscope  for,  255 

Crystals,  wide-angled,  255 

Current  generator,  simple,  468 

Current  meter,  Edison's,  533 

Current  meter,  Knowles',  541 

Curves,  magnetic,  formation  of,  354 

Curves  traced  by  vibrating  rods,  304 

Cutting  glass  bottles,  661 

Cutting  glass  tubes,  661 

Cutting  prints,  335 

Cycloid,  40 

Cycloidai  curve,  53 

Cycloid,  method  of  describing,  42 

Cyclops,  290 

Cylindrical  mirror,  134 
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Daguerre,  337 

Dajruerreotype  fixing-,  344 

Daguerreotype  gallery,  342 

Daguerreotype  gilding  or  toning,  344 

Daguerreotype  plate,  coating,  340 

Daguerreotype  plai^,  developing,  344 

Daguerreotype  ]»l:ite,  scouring,  33T 

Daguerreotypy,  3:37 

Daguerre's  discovery,  344 

Daniell  battery  409 

Daphuia,  291 

Dark  room,  341 

Davy,  518 

Dead-beat  galvanometer,  434 

Decomposition  of  water,  5^) 

Decorative  art,  suggestions  in,  273 

Depolarization  ol  electrode  by  mechanical 
agitation,  416 

Deprez-D'Ai-sonval  galvanometer,  434 

Designs  on  wire  cloth,  ti2 

Destruction  of  life  by  removal  of  air,  i)8 

Detail,  to  bring  out  in  a  photographic  neg- 
ative, 323 

Determining  speed  by  resonance,  169 

Develoi>er,  Beach,  pyro-potash,  321 

Developer,  hydrochinon,  323 

Development  of  plates,  321 

Diamagnetism,  464 

Diaphragm  cell,  179 

Diaphragm  iris,  285 

Diaphragm  microscope,  281 

Diaphragms,  vibration  of,  643 

Diatoms,  markings  on,  230 

Diffusion  of  gases,  66 

Ditfusion  of  gases,  law  of,  71 

Diffusion  of  gases,  simple  way  of  showing, 
66,67 

Dilatation  of  a  balloon  in  a  vacuum,  85 

Discharge,  electric,  over  finely  divided  me- 
tal, 375 

Discharger,  jointed,  38 

Disk,  with  silvered  beads,  175 

Disruptive  discharge,  384 

Distribution  of  electricity  on  the  plates  of 
the  Wimshurst  machine,  374 

Diver,  Cartesian,  79 

Diverging  rays,  concave  lens,  200 

Diversion  of  electric  discharge  by  moisture, 
377 

Divisibility,  4 

Divisibility,  extreme,  4 

Double  mouthpiece,  180 

Double  polarization  by  single  plate,  245 

Double  refraction,  233 

Doubler,  Norremberg,  245,  253 

Doubling  hooks  of  bee's  wing,  290 

Draper,  338 

Drills,  tempering,  677 

Driving  gear,  friction,  for  a  gyroscope,  20 

Dropped  and  projected  balls,  43,  44 

Drops,  Prince  Rupert's,  57 

Drum  armature,  475 

Bry  objects,  quick  metb(^>d  of  mounting,  297 

Dutch  tears,  57 

Dynamic  electricity,  392 

Dynamo,  Edison,  529 

Dynamo,  electro-i)lating,  495 

Dynamo,  hand  power,  4S7 

Dynamo,  principles  of,  405 

Dynamo,  Westinghouse,  ;i35 

Dynamo,  Weston,  519 

Earth,  magnetism  by  induction  from,  1347 

Earth's  rotation  shown  hy  pendulum,  47 

East  Ri^■er  bridge,  126 

Eaton,  Prof.  A.  K.,  317 

Edison  current  meter,  r>32 

Edison  dynamo,  529 

Edison  electric  light  plant,  533 

Edison  lamp,  527 


Edison  listening  to  the  first  phonogram  from 
England,  151 

Edison's  new  phonograph,  151 

Edison  system  of  regulating,  530 

Edison's  three-wire  system,  5;il 

Effect  of  armature  on  permanent  magnet, 
350 

Effects  of  magnetic  induction,  351 

Egg  ami  brine  experiment,  81 

Elastieit>',  6 

Elasticity  of  gases,  7 

Elasticity  of  solids,  025 

Electric  chime,  384  • 

Electric  condenser,  3fi0 

Electric  discharge,  556 

Electric  discharge  through  \'acuum  tube, 
380 

Electric  discharge,  various  phases  of,  374 

Electric  egg,  563 

Electric  fly,  385 

Electric  lamp,  simple,  513 

Electric  lighting,  518 

Electric  machine,  Wimshurst,  370 

Electric  machine,  Winter's,  369 

Electric  motor,  390,  470 

Electric  motor,  fifty-cent,  451 

Electric  pendulum,  360 

Electric  repulsion,  GUI 

Electric  spark,  autographs  of,  565 

Electric  spark,  projection  of,  630 

Electrical  candle,  617 

Electrical  gyroscope,  24,  27 

Electrical  gyroscope  for  showing  the  rota- 
tion of  the  earth,  28,  29 

Electrical  insects,  590 

Electrical  magic,  585 

Electrical  measurements,  442 

Electrical  perfection  of  glass,  384 

Electrical  units,  425 

Electricity,  frictional,  359 

Electricity,  masked,  362 

Electricit5%  vitreous  and  resinous,  361 

Electrified  threads,  364 

Electro-magnet,  457 

Electro-magnet,  experiments  with,  464 

Electro-magnet,  inexpensive,  461 

Electrodes,  mechanical  depolarization  of, 
414 

Electro-plating  dynamo,  495 

Electropnorus,  368 

Electroscope,  361 

Electroscope,  experiments  with,  362 

Elliptical  polarization,  253 

Endosmometer,  71 

Endosmose,  67 

Endosmose,  pressure  by,  70 

Engraving  on  glass  and  metals,  669 

Escapement,  50 

]5uler,  200 

Exhausting  Geissler  tube,  104 

Exosmose,  67 

Exosmose,  partial  vacuum  by,  70 

Expansion,  4,  181 

Expansion  of  gases,  85 

Experiment  with  scientific  top,  153 

Experiments  with  induction  coil,  555 

Extension,  1 

Extraordinary  ray,  23:3 

Eye,  wearying  of,  6U4 

Eye-pieces  for  telescope,  dV-i 

Eguatorially  mounted  electrical  indicator, 
•Si 

Equilibrium  in  communicating  vessels,  74 

Falling  bodies,  38 

Falling  bodies,  law  of,  39 

Feeding  mechanism  of  arc  lamp,  519 

Fifty-cent  electric  motor.  471 

Films,  mica,  253 

P'ilms,  thin,  255 
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Filter  pump,  Bunsen's,  103 

FiJtration,  b 

Fixing-  bath  for  photos,  377 

Fixing  daguerreotype.  344 

Flageolet,  12^3 

Flame,  manometric,  135 

Flame,  speaking,  133 

Flame,  vibrating,  13i 

Flames,  musical,  145 

Flames,  sounding,  145 

Flames,  sounding,  analysis  of,  145 

Flames,  vibrating,  i:50 

Flask,  Bologna,  57 

Fletcher  furnace,  695 

Flexure,  elasticity  of,  7 

Floating  magnet,  357 

Flowers,  sensitive,  165 

Fluxes,  693 

FIv,  electric,  3S5 

FIy-tl3%  111 

Flying  pendulum.  55 

Fly-wheels,  89 

Fly-wheels,  bursting  of,  34 

Fly-wheels,  flexible,  35 

Focus,  principle  of  concave  lens,  305 

Focusing  camera,  319 

Fogging,  319 

Foraminif  era,  2^tO 

Force,  8 

Force,  lines  of,  354 

Force  of  cohesion  in  liquids,  56 

Force  of  steam,  195 

Formation  of  secondary  battery,  430 

Forming  bulbs,  658 

Forms  of  lenses,  204 

F<iucault''s  experiments,  46 

Fountain,  Hero's  rotary  18 

Franklin,  184 

Flanklin's  plate,  381 

Freezing  by  rapid  evaporation,  188 

Fresnel,  300 

Friction,  9 

Friction,  heat  due  to.  194 

Friction,  rolling,  10 

Friction,  sliding,  10 

Frictional  driving  gear  for  gyroscopes,  30 

Frictional  electricity   359 

Frog  plate,  3Vjo 

Fuller  cell,  413 

Fuse,  Stateham's,  559 

Fusible  alloys,  casting  of,  693 

Fusion,  181. 

Gahleo's  discovery,  +6 
Galleries,  whispering,  159 
Gallery,  daguerreotype,  343 
Galvanometer   and    battery,   experiments 

with,  394. 
Galvanometer,  Deprez-D^'Arsonval,  334 
Galvanometer,  for  projection,  6:i3 
Galvanometer,  tangent,  440 
Galvanometers.  43^3 
Gas,  absorption  of  by  charcoal,  630 
Gas  furnace,  694 
Gas  pistol,  ;3«9,  559 

Gas  pressure,  apparatus  for  producing,  167 
Gas  wdeel  87 
Gases,  6, 8f 

Gases,  absorption  ot.  'jt 
Gases,  difl'usion  of.  60 
Gases,  diffusion  ot,  simple  way  ot  showing, 

67 
Gases,  expansion  of,  85 
Gases,  weighing  of.  86 
Gassiot's  cascades,  3Vj0,  563 
Gassner's  dry  battery,  407 
Gathering  microscopic  objects,  38V 
Gathering  microscopic  objects,  implement 

for.  387 
Geissler  tube,  exhausting  104 


Geissler  tube,  self-oxciting,  365 

Geissier  tubes,  561 

Generator  of  currents,  393 

German  silver  rheostat,  509 

Gilding  and  toning,  345 

Girder,  breaking  of  by  pith  balls,  137 

Glass  blowing,  hints  on,  657 

Glass,  engraving  on,  668 

Glass,  hand,  88 

Glass,  perfectly  elastic,  7 

Glass  perforation,  657,  659,  663 

Glass,  pulse,  184 

Glass,  strained,  341 

Glass,  strained  by  heat.  343 

Glass,  strained  by  pressure,  343 

Glass  top,  13 

Glass  tubes,  bending  of,  657 

Glass  under  pressure,  641 

Gloucester  cathedral,  159 

Glow  of  the  negative  collectors,  378 

Glow  ttf  the  positive  collectors,  378 

Gold  crystals,  391 

Goldfish,  circulation  of  blood  in  tail  of,  297 

Gramme  armature,  474 

Gramme  machine  for  illustration,  473 

Gra\'ity  batterj-,  410 

Green,  John,  317 

Grenet  batterj-,  bottle  form,  399 

Grenet  battery  with  air  tubes,  415 

Grinding  attachment,  668 

Grindstones,  bursting  of,  37 

Grove  battery,  411 

Gun,  Quaker,  43 

Gutta-percha-lined  cells,  403 

Gyroscope,  19 

Gyroscope,  electrical,  34,  27,  31 

Gyroscope,  friction  dri\ang  gear  for,  20 

Gyroscope,  pneumatic,  31 

Gyroscope,  steam,  31 

Hammer,  w^ater,  39 

Hand  glass,  88 

Hand  power  dynamo,  48 

Harmonica,  13(1 

Harmonic  vibrations,  126 

Harp,  Marloye's,  123 

Heat,  181 

Heat,  conduction  of,  193 

Heat  due  to  friction,  194 

Heat  due  to  pressure,  194 

Heat,  latent,  185 

Heat,  a  mode  of  motion,  181 

Heat,    radiant,   Tyndall's   experiment   on, 

1^9 
Heat,  reflection  of,  193 
Heat,  reflection  and  concentration,  193 
Heated  air,  ascensional  power  of,  196 
Heating  tool,  399 
Hemitrope,  3;)8 
Hero's  fountain,  rotary,  18 
HerscheJ,  312 

Hints  on  glass  blowing,  657 
Hoffman,  233 
Holder  for  soap  film.  303 
Hooke.  200 

Hooke's  invention,  54 
Hot  air  motor,  196 
Hundred  yeai  clock.  54 
Huyghens.  300 
Huyghens^  invention,  49 
Hydraulic  ram,  80 
Hydrochinon  developer,  32L 
Hydrostatic  press,  hypothetical,  76 
Hj'drostatic  pi'ess,  principle  of,  75 
H^'drostatic  pressure,  73 
Hygrometry,  196 
Hygroscope,  197 
Hygroscopic  loses,  198 
Hygroscopic  and  luminous  roses,  198 
Hypothetical  lens,  203 
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Iceland  spar,  233 

Illumination,  caution  about,  'Mi 

Illusion  disk,  1T> 

Illusion,  optical,  Kapietf's,  230 

Illusions,  228 

Illusions,  optical,  223 

Irapenetraliility,  1,  2 

Implements  forgathering  microscopic  ob- 
jects, 287 

Incandescent  lamn,  221 

Incandescent  lamp,  projection  of,  t>J9 

Incandescent  lig-hting,  527 

Inclined  plane,  40 

Indicator,  electric,  3^3 

Induced  current  from  induced  magnetism, 
407 

Induction  balance  and  audiometer,  572 

Induction  coil,  548 

Induction  coil,  experiments  with,  555 

Induction  by  electric  current,  548 

Induction  machine.  Wimshurst,  370 

Induction,  magnetic,  473 

Inertia,  8 

Inertia  of  air,  109 

Inertia  locomotive,  0 

Inexpensive  air  pump,  91 

Infusoria,  290 

Ingot  mfnild,  (i96 

Insects,  278 

Insects,  electrical,  590 

Instantaneous  photography,  319 

Instruments,  stringed,  124 

Insulating  stool,  ;387 

Intensification  of  photographic  negatives, 
234 

Intensity  of  light,  222 

Intermittent  light,  examination  of  ciliated 
objects  by,  292 

Interrupter,  light,  for  microscope,  293 

Inventions,  ancient,  lOH 

Iodine  box,  343 

lodinr  cell,  189 

Iris  diaphragm,  285 

Iron,  soldering,  691 

Irradiation,  221 

Isochronism,  51 

Jew's  harp,  143 

Joint  resistance  of  branch  circuits,  448 

Jointed  discharger,  380 

Jupiter,  314 

Kaleidoscope,  211 

Kaleidotrope,  603 

Kater's  reversible  pendulum,  48 

Kent's  trough,  295 

Key,  bridge,  447 

Kits,  photographic,  319 

Knowles'  current  meter,  541 

Knurhng,  677 

Koenig's  manometric  flames,  178 

Laboratory,  wire  apparatus  for,  ti7H 

Lamp,  electric,  simple,  512 

Lamp,  incandescent,  221 

Lamp,  incandescent,  Edison,  527 

Lantern  experiments,  598 

Lantern  projection,  5it3 

Lantern,  scientific,  009 

Lantern  slides,  325 

Lantern,  to5',  scientific  use  of,  593 

Latent  heat,  185 

Lateral  pressures,  79 

Lathe  for  amateurs,  673 

Latour,  Cagniard,  172 

Law  controlling  gyroscopic  movement,  32 

Law  of  diffusion  of  gases,  71 

Law  of  falling  bodies,  39 

Law,  Pascal's,  73 

Law,  Pascal's,  demonstration  of,  72 


Leaf,  sensitive,  197 

Leclanche  battery,  40G 

Le  Conte,  Dr.,  165 

Length  of  resonant  tube,  145 

Lengthening  the  spark,  378 

Lens,  hypothetical,  204 

Lens  making,  654 

Lens,  sound,  165 

Lenses,  204 

Lenses,  forms  of,  204 

Leyden  jar,  382 

Leyden  jar,  attachment  lo  Wimshurst  ma- 
chine, 373 

Leyden  jar,  experiments  with,  559 

Light,  200 

Light,  analysis  and  synthesis  of,  213 

Life,  destruction  of  by  removal  of  air,  93 

Light,  intensity  of,  222 

Light  interrupter  tor  microscope,  293 

Light  modifier,  285 

Light,  polarized,  233 

Light,  polarized,  experiments  in,  239 

Light  and  sound,  refiection  of,  159 

Light  wave  slide,  605 

Lightning  board,  Janney's,  564 

Lightning,  marks  produced  by,  566 

Lines  of  force,  354 

Liquids,  72 

Liquids,  compressibility  of.  72 

Liquids,  pressure  exerted  by,  72 

Liquids,  top  for  showing  centrifugal  actioa 
on,  13 

Lissajous'  experiments,  136 

Lithic  acid,  273 

Lockyer,  J.  Norman,  214 

Locomotive,  inertia,  9 

Lubricant,  friction  lessened  by,  9 

Luminous  paint,  198 

Luminous  roses,  198 

Magnet,  electric,  457 

Magnet,  electric,  for  experimentation,  45S 

Magnet,  field,  oast  iron,  nU.S 

Magnet  forming  the  field,  503 

Magnet  and  rolling  armature,  358 

Magnet,  Sturgeon's,  638 

Magnets,  floating,  a57 

Magnetic  curves,  arborescent,  356 

Magnetic  curves,  formation  of,  354 

Magnetic  curves  in  relief,  355 

Magnetic  experiments,  lantern,  627 

Magnetic  induction,  466,  473 

Magnetic  induction,  effect*;  of,  351 

Magnetic  key,  478 

Magnetic  pole,  neutralizing  efiects  of  an 

opposing,  352 
Magnetic  top,  358 
Magnetism,  347 

Magnetism  by  induction  from  the  earth,  347 
Magnetism  by  lorsion,  34S 
Magnetization  of  bars,  318 
Magnetizing  spirals,  614 
Magneto-electric  machine,  476,  479,  4S1 
Magnifier,  water  bulb,  208 
Magnus'  experiment,  ;33 
Maltese  cross,  249 
Manomctiiu  tlanies,  135 
Manometric  Hiiiiies,  Koenig's,  178 
Mai'i<.ini;-s  on  diatmiis,  230 
^lavks  prnduced  hy  lightning,  566 
Miirlove's  harp,  122 
Mars,  314 

Maskt;d  electricity,  ;3t)2 
Jiaycr,  Prof.  A.  M.,  a57 
Mayer's  Hoating  needles,  357 
Measurement  of  time  by  pendulum,  4'.i 
Measurements,  electric,  442 
Measuring  jar.  383 
Mechanical  bird,  Penaud's,  111 
Mechanical  depolarization  of  electrodes,  414 
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Mechanical  operations,  6.57 

Melting-  and  soldering,  685 

Mercurial  column  supported  by  atmosphere 
91 

Mercurial  sliower,  5 

Merciu-y  bath.  344 

Metals,  "conductivity  of,  194 

Metals,  engraving:  on,  m'^ 

Metallic  thermometer,  ls2 

Metallophone,  llii 

Meter,  current,  Knowles'.  541 

Mica  cone,  249 

Mica  films.  253 

Mica  objects  f<^r  polariscope,  247 

Mica  plates.  203 

Mica  semi-cylind*.'rs,  248 

Mica  semi-cylinders,  crossed,  248 

Mica  star,  fan  and  crossed  bars,  251 

Mica  wheel,  250 

Microphone,  58;j 

Microscope,  modern,  2S4 

Microscope,  simjile  poiariscope  for,  30ti 

Microscope  slides,  withdrawing  air  from,  99 

MJicroscope.  water  lens,  279 

Microscopic  attachment  for  scientific  lan- 
tern, 611 

Microscopic  examination  of  ciliated  organ- 
isms, 292 

Microscopic  exhibition  of  vibrating  rods, 
304 

Microscopic  objects,  gathering.  287 

Microscopic  objects,  simple  polariscope  for, 
362 

Microscopic  objects,  various.  287 

Microscopic  projection,  605 

Microscopy,  278 

Mill,  Barker's.  79 

Mirror,  convex  spherical,  211 

Mirror,  cylindrical.  134 

Mirror,  rotating.  132 

Mirror,  sperical,  210 

Mirrors,  20 

Modifier,  light,  284 

Molecular  actions,  56 

Molecular  forces,  4 

Molecules,  adhesion  and  cohesion  of,  r>f; 

Moon,  315 

Mortar,  390 

Motion.  8 

Motion  produced  by  permanent  magnet,  349 

Motion,  voriex,  114 

Motor,  electric.  470 

Motor,  electric,  simple.  497 

Motor,  hot  air.  196 

Mould,  ingot,  696 

Mould,  plaster,  698 

Moulding  and  casting  in  sand,  702 

Moulding  carbon  plates.  705 

Moulding  carbon  rods.  7(J6 

Mouth  organ,  120 

Mouth  used  as  a  resonator,  14^3 

Mouth  vacuum  apparatus,  106 

Mouthpiece,  double,  180 

Movement,  gyroscopic,  law  of.  32 

3Iultiiile  rofiection,  212 

Music  box.  ll'.t 

Musical  fiames,  145 

Musical  instruments,  stringed,  7 

Musical  top,  116 

NebuliT?,  315 

Neutralizing  elTect  of  opposing  poles,  3.")2 

Newton,  Sir  Isaac,  2oO 

Newton's  disk.  622 

Newton's  rings,  302 

New  York  and  Brooklyn  bridge,  519 

Nicol  prism,  269 

Niepoe.  337 

Ninety  degree  prism,  613 

Niter,  258 


Noise,  116 

Nt  iri-eniberg  doubler,  simple,  245,  251,  253 

Objects,  gathering  microscopic.  287 

Objects,  mica,  for  polariscojie,  247 

Objects,  microscopic,  various,  287 

Objects  for  polariscope.  244 

Objects  for  simple  polariscope,  307 

Objects,  telescopic.  314 

Oblate  spheroid.  17 

Oblique  lines,  apparent  deviation  b>',  225 

Oconna,  123 

Oei-stcd's  experiment  for  projection,  632 

Ohm's  law,  427 

Optical  illusions,  223 

Optical  illusions,  curious.  226 

Optical  illusions,  Thompson,  228 

Ordinary  ray.  2:33 

Organ,  mouth,  120 

Oscillating  and  conical  pendulums,  45 

Over-development  of    photographic  plate. 

323 
Over-exposure  of  photographic  plate,  322 
Over-tones  of  a  bell,  144 
Oxy-hydrogen  burner,  608 

Paint,  luminous,  199 

Pandean  pipes,  122 

Panel  with  ornaments  of  crystals,  274 

Parabolic  reflection.  159 

Paraffining  carbons,  402 

Parallel  conductors,  attraction  and  repul- 
sion of,  634 

Pascal's  experiment,  73,  91 

Pascal's  law,  73 

Pascal's  law,  demonstration  of,  72 

Pebbles,  Brazilian,  269 

Penaud's  mechanical  bird,  111 

Pendulum  with  audible  beats,  47 

Pendulum,  application  of  to  clocks,  50 

Pendulum,  calculation  of  length  of,  46 

Pendulum,  fiying,  55 

Pendulum,  Kater's  reversible,  48 

Pendulum,  length  of  at  Hammerfest,  45 

Pendulum,  length  of  at  St.  Thomas,  45 

Pendulum,  measuring  time  by.  49 

Pendulum,  oscillating  and  coiiica'.,  45 

Pendulum,  seconds,  4.5 

Pendulum,  simple,  45 

Pendulum,  torsion,  52 

Perforation  of  glass,  384,  662 

Permanent  magnet,  effect  of,  on  armature, 
350 

Permanent  magnet,  motion  produced  by, 

Persistence  of  vision,  220 
Persistent  rotation,  9 
Phantom  bouquet,  211 
Phonogram,  Edison  listening  to,  151 
Phonograph,  Edison's,  151 
Phonograph,  first  audience  of,  151 
Phonograph,  perfected,  150 
Phonograph  simple,  1.50 
Phonograph,  test  of,  150 
Phonographic  record,  1-56 
Phonographic  recorder,  644 
Phosphorescence,  199 
Photographic  camera,  318 
Photographic  cleariiig  solution,  323 
Photographic  copying,  13.  19 
Photographic  negative,  to  bring  out  detail 

in,  323 
Photographic  negatives,  washing.  325 
Photographic  plate,   over-development  of, 

323 
Photographic  plate,  over-exposure  of,  321 
Photographic    print,     toning  solution   for. 

Photographic  shuttei-s.  ;521 
Photographs,  black  tones  on,  ;^7 
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PUotOiiraphs,  brown  tones  on,  327 

Photographs,  flxintr  bath  for,  387 

Photographs,  instantaneous,  319 

Photography,  318 

Photography,  best  season  tor,  310 

Photography,  development  of,  321 

Photometer,  232 

Photo-micrographio  apparatus,  :332 

Photo-prints,  coating',  32o 

Pipes,  122 

Pipes,  closed,  123 

Pipes,  open,  1:S 

Pipes,  i-eed,  121 

Pith  ball,  electrical  attraction  and  repulsion 

of,  3o9 
Pith  ball  electroscope,  391 
Pith  balls,  dancing,  3U0 
Plane  of  rotation,  change  in,  U 
Plant  liairs,  290 

Plante's  secondary  battery,  418 
Plants,  aciuatic,  287 
Plaster  mould.  698 
Plate  holders,  319 
Plate  holders,  bag,  330 
Plating  dynamo,  connections  of,  19ii 
Plates,  tourmaline,  238 
Pleurosigma  angulatum,  232 
Plunge  battery,  401 
Pneumatic  gyroscope,  24,  31 
Pneumatic  syringe,  ti 
Polar  clock,  369 
Polariscope  attachment   f<:)r  the   scientific 

lantern,  611 
Polariscope  for  determiuinff  tcmpcrat\ues, 

269 
Polariscope  for  large  objects,  262 
Polariscope,  mica  <jbjeots  for,  247 
Polariscope  for  microscopic  objects,  tiii2 
Polariscope,  objects  for,  244 
Polariscope,  simple,  for  microscope.  306 
Polariscope  for  wide-angled  crystals,  255 
Polariscopes,  351 
Polarization  and  analyzation  by  a  bundle  of 

plates,  244 
Polarization  of  batteries,  395 
Polarization,  circular,  253 
Polarization,  elliptical,  353 
Polarization  by  reflection,  237 
Polai-ization  by  refraction,  5S7 
Polarization  by  single  plate,  346 
Polarized  bell,  485 
Polarized  light,  233 
Polarized  light,  experiments  in,  3:19 
Polarizer,  black  glass,  338 
PoUen  of  marshmallow,  290 
Polyprism,  203 
Pond  life,  378 

Popgun  used  as  a  pneumatic  syringe,  ii 
Pores,  physical,  4 
Pores,  physical  and  sensible,  4 
Pores,  sensible,  4 
Porosity,  4 
Power,  storage  of,  9 

Practical  application  of  the  polariscope,  2ii8 
Press,  hydraulic,  simple,  77 
Press,  hydrostatic,  principle  of,  75 
Pressure  of  air,  89 
Pressure  by  endosmose,  87 
Pressure,  heat  due  to,  194 
Pressure,  hydrostatic,  73 
Pressure,  lateral,  79 
Pressure  for  sensitive  flames,  160 
Prince  Rupert's  drops,  57 
Principal  It.cusoia  cnn\'cx  lens,  2114 
Principle  of  tangent  gahanometer,  43'.i 
PrintiUK  photographs,  325 
Prints,  contact,  335 
Prism,  course  of  light  through  a,  303 
Prism,  erecting-,  course  of  raj's  through,  rdo 
prism,  Nicol,  3.34 


Prism,  ninety  degree,  613 

Prism,  rocking,  314 

Prisms,  2113 

Proboscis  of  blow-fly,  390 

Projection  of  apparatus,  597 

Projection  of  Arago's  experiment,  636 

Projection  of  arborescent  forms,  673 

Projection  of  arc,  6:39 

Projection  of  electric  sparli,  630 

Projection  of  galvanometer,  t'M 

Projection  of  incandescent  lamp,  639 

Projection,  lantei-n,  .593 

Projection  of  magnetic  experiments,  627 

Projection,  microscopic,  605 

Projection  of  Oersted's  experiment,  6:S2 

Projection  of  rocking  prism,  640 

Properties  of  bodies,  1 

Pulse  glass,  184 

Pump,  niter,  Bunscn's,  102 

Pump,  Wirtz's,  109 

Quaker  gun,  43 

Quartz,  225 

Quartz  polarized  circularly,  225 

(,)uick  method  of  mounting  dry  objects,  297 

Radial  dislis,  176 

Hadiant  heat,  Tyndall's  experiment  in,  18'J 

Kadiometcr,  1S9 

Kailroad  bridges,  vibration  of,  136 

Railway,  centrifugal,  li 

Railway,  spiral,  11 

Ram,  liydraulic,  80 

Rapieft's  optical  illusions,  2:10 

Ray,  extraordinar,>',  233 

Ray,  ordinary,  ,23:} 

Rays,  course  of,  in  erecting  jirisms.  616 

Reaction,  80 

Reactionary  apparatus,  79 

Real  image,  206 

Receiver,  air  pump,  96 

Receiver  for  aspirator,  105 

Record,  phonographic,  156 

Recording  voltmeter,  454 

Rectangular  vibrations,  compounding  of,  140 

Rectilinear  motion,  conversion  of  into  ro- 
tary, 9 

Reduction  of  volume  of  alcohol  and  water 
mixture,  3 

Reeds,  131 

Reflecting  telescoi^e,  312 

Reflection  and  concentration  of  heat,  193 

Reflection  and  conccntrati*)n  of  sound,  158 

Reflection  of  light  and  sound,  159 

Reflection,   multiple,  212 

Reflectors,  paraholic,  159 

Reflection,  polarization  by,  337 

Reflectors,  concave,  193 

Itcfraotion,  303 

Kcfraction,  double,  233 

Itciraction,  polarization  by,  237 

Relraiti<m  oisianid,  164 

Regulating,  Edison's  system  of,  5:!0 

Re-enforcement  of  sound,  141 

Repulsion,  electric,  631 

Resistance   box,  briilge,  444 

Resistance  colunni.  511 

Resonance,  detcrmiiungsin.^cd  It^',  169 

liesonant,  mouth  usecl  as,  143 

Resonant  tubes,  145 

Resonant  tubes,  length  of,  146 

liesonant  vessel,  selected  power  of,  142 

Rest,  8 

Rest,  relative,  8 

Reversible  pendulum,  Rater's,  47 

Revolving  tables,  substitute  for,  383 

Reynier  lamp,  modihed  form  of .  513 

Rhe(  .Stat,  .525 

Rheostat.  German  silver,  .509 

Rocker,  irevel>'an,  163 
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Rocking:  car,  164 

Rooking  prism,  640 

Rocking  prism,  simple,  i^l4 

Rods,  vibrating",  118 

Rods,  vibrating,  microscopic,  exiiibition  of, 
304 

Rolling  armature,  358 

Rolling-  friction,  10 

Roses,  hygroscopic  and  luminous,  198 

Rotating  disk,  557 

Rotating-  mirror,  132 

Rotationof  the  earth,  gvroscope  for  show- 
ing, 33 

Rotation,  persistent,  9 

Rotator  for  lantern,  621 

Rotifer,  390 

Rotifer  exhibited  hy  intermittent  light, 
395 

Roughening  batter>'  plates,  419 

Ruby  light,  319 

Sails,  as  concentrators  and  reflectors  of 
sound,  159 

Salicine  crystals,  272 

San  Salvador,  159 

Santonine,  373 

Saturn,  314 

Savart's  wheel,  174 

Scientific  lantern,  609 

Scientific  top,  14, 177 

Scouring  the  plate,  337 

Sealing  in  a  Tvire,  660 

Secondary  batter3%  Plante,  418 

Seconds  pendulum,  45 

Seeds,  390 

Selected  power  of  resonant  vessels,  141 

Selenlte,  353 

Self-exciting  Geissler  tube,  365 

Self-luminous  buoy,  d()6 

Sensible  pores,  4 

Sensitive  flames,  165 

Sensitive  flames,  burner  for,  166 

Sensitive  flames  with  gas  at  ordinary  pres- 
sure, 168 

Sensitive  flames,  producing  gas  pressure 
for,  167 

Sensitive  leaf,  197 

Sho^ver,  mercurial,  5 

Shutter,  photograph,  simple,  331 

Shutters,  phonographic,  321 

Silver  chloride  cell,  405 

Silver  crystals,  391 

Simple  air  pump,  91 

Simple  electric  motor,  497 

simple  pendulum,  45 

Simple  phonograph,  149 

Single  fluid  battery,  398 

Single  refracting  bodies,  333 

Siren,  174 

Siren,  centrifugal,  171 

Siren  for  measuring  velocities,  170 

Slides,  lantern,  325 

Sliding  friction,  10 

Smee's  battery,  398 

Smoke  wreaths,  113    ■ 

Soap  film,  203 

Soldering  iron,  691 

Soldering  and  melting,  691 

Solders  and  fluxes,  693 

Sound,  116 

Sound,  concentration  of,  163 

t^ound,  conduction  of,  125 

Sound  lens,  165 

Sound  and  light  waves  compared,  200 

Sound  receiver,  simple,  128 

Sound,  reflection  and  concentration  of,  158 

Sound  reflector,  adjustable,  159 

Sound,  re-enforcement  of,  141 

Sounding  flames,  146 

Sounds  by  changes  of  temperature,  100 


Spar,  Iceland,  233 

Speaking  flame,  133 

Spectrum,  315 

Spectrum,  apparatus,  217 

Spectrum,  simple  method  of  producing,  215 

Spectroscope,  315 

Sphere,  insulated,  387 

Spherical  mirror,  310 

Spheroid,  oblate,  17 

Spicules,  390 

Spinning  device,  frictional,  14 

Spiral  raflway,  11 

Spirals,  Airy's,  358 

Sponges,  spicules  of,  390 

Springs,  7 

Stand,  telescope,  315 

Stars,  single  and  double,  315 

Stateham's  fuse,  559 

Steam  engine,  fifty-cent,  195 

Steam,  force  of,  195 

Steam  gyroscope,  33,  35 

Stearic  acid,  377 

Stentor,  390 

Stevens,  Prof.  W.  Le  Conte,  213 

Stewart,  Balfour,  237 

Stile's  wax  cell,  300 

Storage  battery  system,  541 

Storage  of  power,  9 

Strained  glass,  341 

Stratification  in  Geissler  tube,  563 

String  telephone,  125 

Stringed  instruments,  7, 124 

St.  Paul's,  159 

Sturgeon's  magnet,  638 

Sub-stage  condenser,  385 

Sugar,  solution  of  in  water,  2 

Suggestions  in  decorative  art,  272 

Sulphate  of  cadmium,  272 

Sulphate  of  nickel,  360 

Sulphuric  acid  and  water,  mixture  of,  3 

Sun,  315 

Surface  tension,  59 

Swiftest  descent  apparatus,  39,  40 

Switch  connections,  tangent  galvanometer, 

441 
S>"napia  inherens,  290 

Tabic  of  tangents,  516 

Tangent  galvanometer,  440 

Tangent  galvanometer,  principle  of,  439 

Tangent  galvanometer,  switch  connections,, 

441 
Tangents,  table  of,  516 
Tank  for  vertical  lantern,  598 
Telephone,  575 

Telephone,  Bell,  principle  ol,  477 
Telephone  circuits,  582 
Telephone,  string,  124 
Telescope,  achromatic  objective  for,  313 
Telescope,  collimation  of,  313 
Telescope,  eye-pieces  for,  311 
Telescope,  reflecting,  213 
Telescope  stand,  313' 
Temperatures,  polariscope  for  determining, 

369 
Tempering  drills,  677 
Tension,  7 

Telescope,  inexpensive,  309 
Terrestrial  eye-piece  for  telescope,  311 
Testing  simple  air  pump,  91 
Thermo-electric  battery,  433 
Thermo-electric  c.rrent,  4^2 
Thermo-electric  series,  423 
Thermometer,  air,  184 
Thermoscope,  chemical,  198 
Thermoscopic  balance.  185 
Thermostat,  metallic,  183 
Thermostat,  simple,  183 
Thin  films,  255 
Thompson,  optical  illusion,  228 
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Thompson,  Prof.  Silvanus  P.,  :2:38 

Threads,  electrilied,  3tJ4 

Three-wire  system,  Edison,  5ol 

Toepler's  experiment,  WA 

ToUes,  K.  B.,  310 

Tongs,  crucible,  696 

Ton^s,  tourmaline,  255,  260 

Toning-  solutions,  327 

Top,  aerial,  109 

Top,  chameleon,  177 

Top,  choral,  12 

Top,  experiments  with,  in 

Top,  glass,  13 

Top,  mag-netic,  358 

Top,  a  scientitic,  14,  ITS 

Top  for  showing  centrifugal  action,  13 

Top,  spinning  device  for,  14 

Topaz,  260 

Torricelli's  experiment,  01 

Torsion,  7 

Tourmaline  crystals,  action  of,  234 

Tourmaline  plates,  235 

Tourmaline  ton^s,  255 

Toy,  lantern,  scientific  use  of,  593 

Toys,  musical,  116 

Trajectory,  43 

Transferring  objects  to  slide,  2Hl 

Transmitter,  Blake's.  579 

Treadle  for  air  pump,  95 

Trevelyan  rocker,  1U3 

Tncycles,  10 

Tube  witli  interrupted  conductor,  308 

Tuning  forks  and  resonant  tubes,  145 

Two-tiuid  batteries,  409 

Tyndall,  John,  181 

Tyndali's  expei'iment  witb  radiant  heat,  189 

Tyrol,  124 

Unannealed  glass,  241 
Units,  electrical,  425 
Universal  discharger,  386 
Univei'sal  microscope,  284 

Vacuum  apparatus,  mouth,  106 
Vacuum,  dilatation  of  a  ballt^on  in,  85 
Vacuum  produced  by  exosmose,  70 
Vacuum  tube,  figures  formed  in,  571 
Vaporization,  181 
Velocities,  siren  for  showing,  170 
Verre-trempe,  244 
Vertical  attachment,  596 
Vibrating  flames,  130 
Vibrating  flame  aj^paratus,  134 
Vibrating  rods,  118 

Vibrating  rods,  microscopic  exhibition  of, 
304 


Vibrations,  composition  of,  136 

Vibrations,  compounding  rectangular,  140 

Vibrations  of  diaphragms,  642 

Vibration,  longitudinal,  of  rods,  121 

Vibrations,  harmonic,  126 

Vial  of  four  liquids,  81 

Virtual  image,  207 

Vision,  ])ersistence  of,  220 

^''it^eous  and  resinous  electricity,  361 

Vocal  sounds,  re-enforcement  of,  141 

Voltaic  arc,  518 

Voltmeter,  expansion,  449 

A'oltmeter,  recording,  454 

Volume,  reduction  of  by  mixture,  3 

Vortex  motion,  113 

Vortieella,  290 

Washing  the  negative,  325 

Watch  balance,  54 

Water,  boiling  in  vacuo,  08 

Water  bulb  magnitiei-,  208 

Water  colored  hy  aniline,  4 

Water  hammer,  39 

Water  lens  microscope,  279 

Wax  cell.  Dr.  Stiles',  300 

Wax  patterns,  700 

Webster,  G.  Watmough,  228 

Weighing  gases.  86 

Weight  of  air,  88 

Weight  lifted  by  air  in-essure,  90 

Welding  glass  tubes,  658 

Westinghouse  dynamo,  535 

Westinghouse  system  (.)f  lighting,  534 

Weston  arc  lamp,  522 

Weston  dynamo,  519 

Wheatstohe's  bridge,  m 

Wheatstone's  polar  clock,  269 

Wheel,  gas,  86 

Wheel,  mica,  250 

Whispering  galleries,  159 

Wide-angled  crystals,  255 

Wide-angled  crystals,  polariscopefor,  255 

Wimshurst  induction  iiiachine,  a  modified, 

370 
Winding  of  Weston  armature,  510 
Wire  apparatus  for  laboi'atory  use,  678 
Wire  cloth,  designs  on,  03 
Wire,  sealing  in  glass,  660 
Wirtz's  pump,  109 
WoUaston's  cryophorus,  188 
Wreaths  of  smoke,  113 

Y'oung,  200 

Zoetrope,  220 
Zylophone,  118 
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